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CHAPTER 



Section I. GENERAL 



1-1. Scope 

This manual is for your use in maintaining the 
Hanson Model H466A. wheel mounted, .3-ton. 
DEF). rough terrain crane. 

1-2. Maintenance Forms and Records 
Maintenance forms and records that you are 
required to use are explained in TM 38-750. 

1-3. Reporting of Errors 

You can improve this manual by calling attention 
to errors and by recommending improvements, 
using DA Form 2028 (Recommended Changes to 
Publications) or bv a letter, and mail direct to 



Commander. U. S. Army Troop Support Com- 
mand. ATTN: AMSTS-MPP. 4300 Goodfellow 
Boulevard. St. Louis. Mo. 63120. A reply \\ill be 
furnished directly to you. 

1-4. Destruction of Army Malt-rial to Piv^ent 

Em* my Use 

Procedures for the destruction of Army material to 
prevent enemy use are explained in TM 750-244-3. 

1-5. Administrative Storage 

Administrative storage procedures are explained in 
TM 740-9-0-J. 



Section II. DESCRI 



] -6. Description 

The Hanson Model H446A Crane is a 5 ton, diesel 
engine driven, wheeled carrier mounted unit, and is 
equipped with a telescoping boom that may be 
equipped with a manually installed boom extension 
unit. The crane is designed to ford streams to a 
maximum depth of 36 inches without affecting its 
operational capabilities. The maintenance 
paragraphs of this manual contain detailed 
descriptions of its components. 

INOTK 

An anchoring device located on the boom is to he 
1 1 sod as a means of anchoring the boom assembly 
when removing and handling the crane super- 
structure. 

1-7. Tabulated 13 a la 

a. Identification and Instruction Plates. The 
crane has 1 7 major identification, instruction and 
caution plates. Refer to TM 5-3810-290-12 for 
information related to these plates. 

b. Tabulated Data. 
( 1 ) Engine. 

Man nfactnrer 



Type . 
Model 
Bore 
Stroke 



Detroit Diesel Engine Div., 

CMC 

Diesel, Scries 6V-S3 
SOS 7-5 240 
3.875 inches 
4..") inches 



Injector type 
Fuel . 



Tola! displacement 

< lompression ratio 

No. of ( yl indi'rs 

Governed speed 

Rotation (at flywheel 

end) 

( 'ooliiifj; 

(2) Air c<)in/>r(>ssor. 

Manufacturer 

Model 

Pressure 

( Capacity 



S,")() 

DF-2. Regular Grade 
I) I 1 '- 1 . W inter Grade 
DF-A, ArJ)K-A, Arctic 
Grade 

!^ I I! cubic inches 

17:1 

d 

2800 rpm MAXIMUM 

ccvv 

Liquid 



TU-KU) ~,00 

I OS psi (niax . I 

12 i-fns 

(3) i'ump, hydraulic s/eer/n^'. 

Manufacturer Vickers, Inc. 

Model V20K 

Capacity 8 GPM 

Pressure 1750 PSI 

1 4 ! Pa rn p . cm n c h yd ra u lie s ys I <> in . 

Manufacturer Vickers, Inc. 

Model 3525 V 25 A 17 

Shaft end pump: 

Capacity 25 GPM 

Pressure 2000 PSI 

Cover end : 

Capacity 17 GPM 

Pressure 2000 PS! 



I* oar nMiw'iion ra*r. 

Axis* differential II Vi quart teach) \\<>\*\ 

FiK'l lanks .">0 gallons leach* rmir ro< hiction rase. 

Knfrino crankrasc I quarts 122 qt. with filler swing 

'hango! Cable, hoist, stool. 

Coolant system T gallons <, x s () p ro f ormr H 

Crano tank . . . ' 30 gallons ,> ump fffm j )ox 

Transmission H ! /j gallons 

Transfer case 4 quarts c. Nl*. JBo/r, & 

rianetan* housing 2 quarts loach) provides data on 



Table 1-1. Special nut. bolt, and stud torque 
Application 

End plate bolt 
Air box cover 

Main bearing bolt I assembly I 

Exhaust manifold outlet flange nut 

Oil pars bolts 
Lifter bracket bolts 
Blower drive coupling to gear hub bolt 

Camshaft intermediate bearing lockscrew 

Accessory drive to gear bolt 

Camshaft nut 

Blower drive gear hub nut 

Idler gear hub and spacer bolts 

Idler gear hub and spacer bolts 

Tachometer drive cover bolts 
Fuel pipe nut 
Rocker arm bracket bolt 
Exhaust manifold nuts 
Injector clamp stud 
Exhaust manifold stud 
Crankshaft front cover 
Crankshaft front cover 
Connecting rod nut-castellated 
Crankshaft end bolt 
Flywheel bolts 
Flywheel fisg bolts 
Flywheel hsg bolts 
Camshaft end bearing bolt 

NOTE. Torque values are listed in the assembly, repair, and installation instructions for the n 

d. Wiring.EeteT to TM 5-3810-290-12 for 



CHAPTER 2 

AND EMERAL S\ 
MAINTENANCE IMST^UCTSON 



Section L REPAIR PARTS, SPECSAL TOOLS, AND 

2-1, Special Tools and <quBpmen& on the crane are s! 

Special tools and equipment required Eo perform are sted in table 
direct and general support and depot maintenance an ^ are listed in 



TJVt 5-3810-290-34 



NOTE: ALL DIMENSIONS ARE IN INCHES. 






1-1/2 D 1 




2-1/4 



X 



1/16 



3/32 R 



7S 



1.318 
1.320 



1.376 



DSA. 



3-1/4 



L_ 



1/4 

B 




SAME THREAD AS WHEEL NUT, 
'APPROXIMATELY 3 5/16-12 IN. 
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Table 2-J. Special Tools and Equipment 



Item 


Reference 




Figure 


Paragraph 


Seal pilot 


'2-1. \ 


4-1 1 


Install n 


Seat driver 


2- IB 


:t-i< 


S ?ist a 11 s< 


Seal driver 


2- 1C 


3-0 8 


Install s< 


Sea! driver 


2-1 C 


:M i 


Install s< 


Wheel sea! 








Pilot 


o_o 


4-17 


II yd ran I 



2-2. Maintenance Repair Parts 

Repair parts and equipment are listed and 

illustrated in TM 5-381 0-290-34P: the repair parts 



and special toe 
general suppoir 



Section II. TROUBLESHOOTI 



2-3. General 

This section contains troubleshooting information 
for locating and correcting most of the troubles 
which may develop in the crane. 

2-4. Troubleshooting Chart 

a. In table 2-2, each malfunction for an in- 
dividual component, unit, or system is followed by 
a list of tests or inspections which will help you to 



determine prob 
take. You sho' 
and corrective 
b. This man' 
may occur, n 
corrective actio 
not corrected 1 
your supervisoi 



Table 2-2. Troubleshooting 



MALFUNCTION 

TEST OR INSPECTION 

CORRECTIVE ACTION 



SUPERSTRUCTURE 



Table 2-2. Troubleshooting Continued 



MALFUNCTION 

TEST OH INSPECTION 

CORRECTIVE' ACTION 



3. BOOM HOIST OPERATES SLUGGISHLY 
Step 1. Check for low hydraulic pressure. 

C'ean tank, filters, and lines fpara 6-8). Repair or replace defective 
Step 2. Check for defective boom hoist cylinder. 

Repair or replace a defective boom hoist cylinder (para 3-5). 
Stop 3. Check for defective rotary seal unit. 

Repair or replace defective rotary seal unit 4 para 3-13). 
Step 4. Check for defective multi-unit control valve. 

Repair or replace defective multi-unit control valve (para 3-19). 

-V. BOOM EXTENSION OPERATES SLUGGISHLY 

Stop I. Check for low hydraulic pressure. 

Clean tank, filters, and lines fpara 6-8 ). Repair or replace defective 
Step 2. Defective boom extension cylinder. 

Repair or replace defective boom extension cylinder (para 3-4). 
Stop 3. Inspect for excessively worn wear shoes. 

Replace worn wear shoes I para 3-6). 
Step 4. Check for defective multi-unit control valve. 

Repair or replace defective multi-unit control valve (para 3-19). 
Step .">. Check adjustment of eccentric roller. 

Adjust eccentric roller as required (TM 5-3810-290-12) 

.">. MULTI-SECTION VALVES MALFUNCTIONING 

Slop I . Check for sticky or sluggish valve spool action. 

Replace a defective valve assembly (TM 5-3810-290-12) Loosen v 
shim body to relieve strain (TM 5-38 10-2 ( )0-1 2). 
Stop 2. Check control linkage for binding. 

Eliminate any control linkage binding (TM 5-38 10-2WM 2! 

STEERING 

HYDRAULIC STEERING SYSTEM SLUGGISH OR INOPERATIVE. 
Step I. Check for Sow hydraulic pressure. 

Clean filler and linos I para (>-}l). Repair or replace defective enj 

I para 4- 1 71. 
Step 2. ("heck for defective powor steer control valve. 



TM 5-3810-290-34 

Table 2-2. Troubleshooting Contin 

MALFUNCTION 

TESTTOfl 'INSPECTION 

CORRECTIVE ACTION 

TRANSMISSION 

1. TRANSMISSION OVERHEATS 

Check' for low clutch pressure (slipping clutches). 
See paragraph 2 below. 

2. TRANSMISSION HAS LOW CLUTCH PRESSURE 

Step 1. Check for control valve stuck in open position or defective. 

Clean, repair, and / or replace defective control valve (para 5 
Step 2. Inspect solenoid valve for leaking seals. 

Repair or replace defective solenoid valve (para 5-3). 

3. TRANSMISSION OIL PRESSURE LOW 

Step 1. Check for low clutch pressure (slipping clutches). 

See paragraph 2 above. 
Step 2. Check pump suction tube for clogged screen. 

Clean or replace clogged screen (para 5-4). 

4. TRANSMISSION PERFORMS POORLY 
Check for too low engine speed. 

NOTE 

The torque converter absorbs and transmits power In propor 
speed. The converter is carefully matched at the rated sp< 
machine is brought to stall, the engine speed should be 245!) I 
lull converter stall usually indicates that engine and converter 
paragraphs under ENGINE. 

5. TRANSMISSION HAS LOW LUBRICATION OIL PRESSURE 
Inspect for defective control valve. 

Clean, repair, or replace defective control valve 'para 5-5 L 

(>. TRANSMISSION HAS NO OIL PRESSURE 

Step 1. Cheek pump suction tube for clogged screen. 

Clean or replace clogged screen Ipara 5-4 L 



Table 2-2. Troubleshooting Continued 



MALFUNCTION 

TEST OR INSPECTION 

CORRECTIVE ACTION 



Step 'A. Check for defective fuel pump. 

Repair or replace defective fuel pump (para 4-23 I. 
Step 4. Check injector control racks for being; out of full fuel position. 

Adjust injector fuel control racks to correct position (para 4-67). 
Step 3. Check for improperly adjusted governor. 
Adjust governor (para 4-321. 

2. ENGINE HARD TO START 

Step I. Check for burnt or sticking exhaust valves. 

("lean and / or replace defective exhaust valves I para 4-381. 
Step 2. Check for broken compression rings. 

Replace broken compression rings (para 4-36 L 
Step 3. Inspect for leaking cylinder head gasket. 

Replace defective cylinder head gasket (para 4-33 1. 
Step -1. Check for incorrect exhaust valve clearance adjustment. 

If necessary, adjust exhaust valves (para 4-65 I. 
Step .). Suspect for dirty or defective injectors. 

Clean and / or repair defective injectors (para 4-40). 
Step 6. Inspect blower for improper functioning. 

Replace or repair defective blower (para 4-30 1. 
Step 7. Check non-functioning air inlet valve. 

Replace or repair defective air inlet assembly (para 4-28 I. 

3. ENGINE STOPS SUDDENLY 

Step I. Check for inoperative fuel pump. 

Repair or replace defective fuel pump (para 4-23 >. 
Step 2. Check for blocked air intake. 

Repair defective air inlet system (para 4-26, 4-27, 4-28). 
Step 3. Check for mechanical failure. 

See paragraph 4 below. 
Step 4. Check for low oil pressure. 

Repair or replace defective oil pump Ipara 4-54 L 
Step .">. Check for Sow fuel pressure. 

Repair or replace defective fuel pump (para 4-23 I. 
Step 6. Check for high engine temperature. 

Repair a defective radiator {para 4-4). 
Step 7. ('heck for defective variable speed governor. 

Rcnair or renlee n defective variable soeed irovernor (oara 4-32). 
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Table 2-2. Troubleshooting Continuet 

y 

MALFl'NXTION 

TKST OH INSPECTION 

CORRECTIVE ACTION 

Step II. Check crankshaft for excessive end clearance. 

If crankshaft has excessive end clearance, replace thrust washe 
Step \"1. Check for loose flywheel. 

Tighten loose flywheel mounting; capscrews Ipara 4-43). 

.">. ENGINE MISSES OR RUNS ERRATICALLY 

Step 1. Check for improperly adjusted injector control tube. 

If necessary, adjust injector control tube (para 4-6 I. 
Step "1. Check for out-of-time fuel injectors. 

Time the fuel injectors Ipara 4-66). 
Step 3. Check for faulty fuel injectors. 

Repair or replace faulty fuel injectors Ipara 4-40). 
Step 4. Check for low cylinder compression due to damaged liners, brol 

rings. 

Replace defective pistons, rings, (para 4-58) and liners Ipara 4 
Step 5. Check for burned or sticking exhaust valves. 

Replace defective exhaust valves and seats Ipara 4-381. 

ENGINE LACKS POWER 
Step I. Check for improperly adjusted injector control tube. 

If necessary, adjust injector control tube. 
Step 2. Check for out-of-time fuel injectors. 

If necessary, correctly time fuel injectors Ipara 4-661. 
Step 3. Check for faulty fuel injectors. 

Repair or replace faulty fuel injectors Ipara 4-401. 
Step 4. Check for low cylinder compression due to damaged liners, broS 

rings. 

Replace defective pistons, rings and liners Ipara 4-561. 
Step 5. Check for burned or sticking exhaust valves. 

Replace defective exhaust valves and seats fpara 4-38). 
Step 6. Check for faulty fuel pump. 

Repair or replace a faulty fuel pump Ipara 4 -23 I. 
Step 7. Check for clogged cylinder liner air inlet parts. 

If necessary, clean clogged inlet parts Ipara 4-58). 

7. ENGINE EXHAUST SMOKY 

Step I. Check for improper fuel injector timing. 

If necessary, correctly time fuel injectors Ipara 4-66). 



Table 2-2. Troubleshooting Continued 



MALFUNCTION 

TKST OR INSPECTION 

CORRECTIVE ACTION 



<). ENGINE HAS LOW OR NO OIL PRESSURE 

Step I . Check for worn connecting rod bearings, crankshaft, or main bearings. 

Replace defective connecting rod bearings Ipara 4-57) cranksbafl 
and 4-601. 

Step 2. Check oil pump for sticking regulator valve. 

If necessary, clean, repair, or replace the regulator valve {para 4-5' 
Step 3. Check oil pump for clogged screen. 

If necessary, clean oil pump screen fpara 4-42|. 
Step 4. Check for defective oil pump. 

Repair or replace a defective oil pump (para 4-54). 
Step .">. Check for lubricating oil diluted with fuel oil. 

If necessary, replace injector preformed packing Ipara 4-40). 

SO. ENGINE OIL CONSUMPTION HIGH 

Step S. Check for defective oil pao gasket. 

Replace defective gasket (para 4-41 K 
Step "2. Check for defective crankshaft oil seal. 

Replace defective crankshaft oil seal (paras 4-44 and 4-53 K 
Step 3. Check for defective blower oS! seal. 

Replace defective oil seal (para 4-30). 
Step 4. Check for leaking cylinder block end plate gaskets. 

Replace defective gaskets fpara 4-61 K 
Step 5. Check for worn, broken, or improperly installed! oil control rings. 

Replace defective oil control rings 4para 4-561. 
Step (>. Check for worn pistons and cylinder liners. 

Replace worn pistons (para 4-561 and liners (para 4-581. 



Section III. REMOVAL 0NSTALLA 



2-5. Transfer Case (61 Discon 

a. Removal, the transfer can 

( 1 I Remove the cab and crane superstructure ( L ' Attach 

Prefer to TM 5-3810-290-121. three capscrews 
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171 Disconnect air inlet piping (para 4-27) 

from air cleaner. 

181 Disconnect tube assembly for restriction 

indicator from air cleaner. 

l<)l Disconnect exhaust piping from exhaust 
manifolds on both sides of engine. 

1101 Attach a suitable hoist to assembled rear 
hood panel, mufflers, and air cleaner. 

fill Remove four screws (15, fig. 6-5 L nuts 
i6K and lock washers (7) that secure support (4) to 
fender supports. 

1121 With hoist lift entire assembly clear of 
carrier. 

1131 Drain the transmission (refer to TM 5- 

3810-290-121. 

(14) Disconnect flexible drive cable for speed 

sensing switch. 

1 15 I Disconnect the drive shaft between the 
transmission and transfer case (refer to TM 5- 
3810-290-12). 

1161 Disconnect control cable from trans- 
mission range selector valve (refer to TM 5-3810- 
290-121. 

1 1 7 ) Disconnect electrical lead to transmission 
solenoid valve. 

(181 Disconnect and remove transmission 
piping as required (refer to fig. 2-5). 
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2-8. Engine Assembly 

a General.?** removal of the engine assembly 
from the carrier requires that the transmission be 
removed along with the engine. However the 
transmission may be removed without removal of 
the engine assembly (para 2-7). 

b. Removal. 
II I Remove the crane superstructure (refer to 

TM 5-3810-290-12). 

(21 Remove the engine hood (refer to TM 5- 

3810-200-12). 

(31 Remove the radiator (refer to TM 5-3810- 

290-121. 

14) Disconnect the drive coupling to the crane 
hydraulic pump (refer to TM 5-3810-290-12). 

(5) Disconnect throttle and accelerator linkage 
from governor (refer to TM 5-3810-290-12). 

(6) Disconnect wire leads for engine stop, 
emergency stop, and starting aid solenoids. 

(71 Disconnect starting aid hose from air inlet 
housing. 

(81 Disconnect hydraulic hoses from power 
steering pump. 

(91 Disconnect cable assemblies from reverse 
polarity relay (refer to TM 5-3810-290-12). 

(101 Disconnect fuel lines to and from fuel 
strainer mounted on rear fire wall (refer to TM 5- 
3810-290-12). 

Ill) Disconnect air inlet piping (para 4-27) 
from air cleaner. 

(121 Disconnect tube assembly for restriction 
indicator from air cleaner. 

(131 Disconnect exhaust piping from exhaust 
'anifolds on both sides of engine. 

(14) Attach a suitable hoist to assembled rear 
od panel, mufflers, and air cleaner. 

115) Remove four screws (15, fig. 6-5), nuts 
61. and lorkwashers (7) that secure support (4) to 
fender supports. 

H6I With hoist lift entire assembly clear of 
carrier. 

(17) Drain the engine crankcase and trans- 
mission oil. 

1181 Disconnect all electrical leads to starter, 
pressure switches, and sending units. 

H9l Disconnect hose assemblies to crankcase 
oil filter. 

(201 Disconnect flexible drive cables for 
tachometer and speed sensing switch. 



(21) Disconnect fuel return Sine (refer to TM 
5-3810-290-12). 

(22) Disconnect air lines from air compressor 
(refer to TM 5-3810-290-12). 

(23) Disconnect the propeller shaft between 
the transmission and transfer case (refer to TM 5- 
3810-290-12). 

(24) Disconnect control cable from trans- 
mission range selector valve (refer to TM 5-3810- 
290-12). 

(25) Disconnect electrical lead to transmission 
solenoid valve. 

(26) Disconnect and remove transmission 
piping as required (fig. 2-5). 

(27) Attach a lifting sling to the engine lifter 
brackets. 

(28) Remove capscrews (18 and 20, fig. 2-4), 
washers (15 and 27), and nuts (14 and 28) from 
engine mountings. 

(29) Remove capscrews (13) washers (15), 
and nuts (14) from transmission mountings. 

(30) With a suitable hoist, lift the engine and 
transmission assembly from the frame (1) and 
place on a work stand. 

(31) Attach a suitable hoist to the trans- 
mission assembly. 

(32) Provide access to converter drive plate 
hardware by removing six capscrews, lockwashers, 
and the access cover from the right side of the 
converter bell housing. 

(33) Remove the twelve nuts and lockwashers 
securing the drive plate to the flywheel, by rotating 
the engine crankshaft until each becomes ac- 
oessable. 

(34) Remove twelve nap screws and lock- 
washers that secure the transmission housing to the 
flywheel housing. 

(35) Carefully move the transmission 
assembly straight back from engine to avoid 
damage to the drive plate and mounting studs. 

c. Installation. 

( 1 I Install the engine assembly in the reverse 
order of removal. 

NOTE 

Install new insulators (shock mounts) (~1 and 16. 
fijr. 2-4) \vhen replacing the assembly. 

(2) Service the engine and transmission in 
accordance with current lubrication order. 



Section i. GENERAL 



3-1. General 

The Model H446A Crane, as described in this 
chapter, covers all components \\hich are physically 
and functionally a part of the crane's operational 
capabilities. This includes the outrigger arms, and 
associated hydraulic cylinders and controls, but 
excludes the engine, carrier and associated com- 
ponents. 

3-2. Crane Supers true 3 is re 

The crane superstructure consists of a sub-base 
mounting the upper turret assembly; the ring gear 
and boom swing assembly; the hydraulic rotary 
seal; and main boom and hoist assembly; the boom 
head and hook block ; components of the crane 
hydraulic system, and crane lights. Maintenance 
and repair may be performed on all of the above 
items without rein oval of the crane superstructure 



except those parts of the boom swing assembly and 
the rotary seal. 

3-3. Crane Superstructure Welding Instruc- 
tions 

a. Standard welding procedures can be followed 
when welding cracks or broken welds of crane 
superstructure components. The crane super- 
structure components, their material, and 
recommended welding rods are listed in table 3-1. 

NOTE 

In welding large areas, do not concentrate too 
much in one area at one time. Partially weld one 
side and then alternate from side to side to avoid 
distortion of plates. 

b. When making welds for mounting brackets, 
etc. to carrier main frame, use welding rod AWS- 
E 1 1018 or equivalent. Proceed as in paragraph a 
above. 



Table 3-1. Crane Superstructure If ''eld Rod lieconimcndntions 



Component 


Material Weld rod CAWS) 


Shipper plates 


Vo.lsteol 1 ; 701K 


Main boom 


HOC60 steel S- 


70 IK 


Telescoping boom 


Vf>() steel 


7011} 


Boom head and extension 


FQCOOslee.l 


70 IH 


Anchoring device 


Mild steel 


70 IK 


Outrigger frames 


VoO steel 


70155 


Outrigger arms 


V. r >5 steel 


70 IK 


Brush guard 


V(>S steel i 


70 IH 


Sub base 


ASTM-A:U) i 


7021 


Top plate 


Mild steel E7024 


Turret base plate 


Mild steel K7024 


Hydraulic oil tank support 


Mild steel E7024 



* AWS American Welders Society or equivalent 



3-4. BOOBJI Extension Cylinder 
a. Removal, 

(1) Disconnect tube assemblies (fig. 3-1). 



n. 



(2) Remove attaching hardware (fig. 3-1). 

(3) Remove boom extension cylinder (fig. 3- 



3-1 
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Figure 3-1. Bourn extension cylinder, removal and 
installation. 

b. Disassembly. 

Ill Remove the lockwire from the capscrew 

heads. 

'-I Remove the four capscrews (22, fig. 3-2). 

i3l Remove the head (25) and piston rod 
assembly from the body (13). 

(41 Remove the locknut (H), piston (15), 
packing 1281. piston sleeve (29), piston follower 
i -~ I. and packing (161. 

IS) Remove the gland (21), packing (23), 
bushing (24). packing 126), wiper (20, and rod 
il ( >) from the head (251. 

161 Remove the tube assembly (11), reducer 
I'M. packing (T and 81. and pilot piston (61. 

(71 Rcmoxe the plug (30), packing (31), 
spring 1321. and ball (33). 

NOTE 
Discard all used preformed packing and replace 



c. Cleaning. Inspection, and Repair. 

I 1 ) Clc.'jn all parts with an approved cleaning 
solvent. Dry thoroughly with compressed air. 

(2) Inspect the piston (15), rod (19), and 
body (131 for scoring and wear. Remove light 
scoring with crocus cloth, otherwise, replace parts 
as required. 

(3) Inspect the head (25), gland, and rod for 
damaged threads. 

(4) Inspect the movement of the pilot piston 
(6) in the body (13). It should move freely without 
binding or sticking. Replace as required. 

NO 1 IT. 

Make sure tho orifice in the body is thoroughly 
cleaned. 

d. Assembly. Assemble the hydraulic cylinder in 
the reverse order of disassembly. Coat all com- 
ponents with clean, hydraulic fluid to lubricate and 
facilitate assembly. Tighten head bolts to torque of 
83- ( )3 pound-feet and serure with lockwire. 

c. Testing. Connect the cylinder to a source of 
hydraulic pressure and subject the cylinder to a 
pressure of 2500 p.s.i. and inspect for leakage, 
especially in the parking gland area. 

/. InKtallation. InsSal! the boom extension 
cylinder in the reverse order of removal. 

KKY to figure .'5-2 

1 . Cotlrr pin 

2. Pin 

:$. Pi K 

I. Screw 

.">. Hall 

(> Pilot piston 

i. Packing 

H. Packing 

( ). K.-duccr 
10. Kll.ow 
1 1 . Tube asseni bly 
1 12. Connector 
H. Body 
1-1. Locknut 
I"). Piston 
In. Packing 
IT. Pin 
IH. Bearing 
l<>. Rod 
20. Rod u-ip;r 
2 I. Gland 

22. C a p. screw 

23. Packing 

24. Bushing 
2:>. Head 
2<>. Packing 

27. Piston follower 

2. Packing 

2 ( ). Piston sleeve 

30. Plug 

31. Packing 
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;i-5. Boom Hoist Cylinders 

a Removal. Remove the boom hoist cylinders 
ir,fer to TM 5-3810-290-12). 

b. Disassembly. 

ill Remove the lockwire from the capscrew 

heads. 

(21 Remove the four capscrews (8, fig. 3-3-). 

(31 Remove the head (17) and piston rod 
assembly from the body (9). 

14)' Remove the locknut (24), piston (23), 
packing (20), piston sleeve (22), piston follower 
1 1- 1, packing (18), and head (17) from the piston 
rod 1 4). 

(5) Remove the capscrews (16), gland (14), 
packing 1131, bushing (12), and rod wiper (15). 

NOTE 

Discard all used preformed packing and replace 
with new packing when assembling. 

c. Cleaning, Inspection and Repair. 

(1 1 .Clean all parts with an approved cleaning 
solvent. Dry thoroughly with compressed air. 

(21 Inspect the piston (23), rod (4), and body 
1 1 for scoring and wear. Remove light scoring with 
crocus cloth, otherwise, replace parts as required. 

(3) Inspect the rod (4) for damaged threads. 
o. Assembly. Assemble the hydraulic cylinder in 
the reverse order of disassembly. Coat all com- 
ponents with clean, hydraulic fluid to lubricate and 
facilitate assembly. Tighten head bolts to torque of 
4TS-485 pound-feet and secure with lockwire. 

e. Testing. Connect the cylinder to a source of 
hydraulic pressure of 2500 p.s.i. and inspect for 
leaks. 

/. Installation. Refer to TM 5-3810-290-12 and 
install the boom hoist cylinders. 



KEY to figure 3-3. 



3. Bearing 

4. Rod 

5. Washes- 



S3. Packing 

14. Gland 

15. Rod wiper 
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20. S 
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22 I 
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Figure 3-3. ttootn hoist cylinder, exploded view. 
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V>. >1ain Boom Assembly 

a. General. The main boom assembly consists of 
two components: 

, i , The main boom attached to. and pivoting 
on the shipper plates of the upper turret. ^ 

i*l -\n inner or telescoping section with at- 
tar heel boom head, and actuated by. a hydraulic 
cylinder. 

/;. Remoi-al. 

(11 Remove the hook block and hoist cable 
(refer to TM 5-3810-200-12). 

(21 Remove the boom head assembly (refer to 
TM ."-3810-200-121. 

13 I Disconnect the hydraulic lines to the boom 
extension cylinder and accessory (clamshell) cir- 



(41 Attach a sling to the main boom (32, fig. 
3-41 and place a light strain on the boom with a 
second crane or suitable lifting device. 

1 5 I Remove the boom hoist cylinders (refer to 
TM 5-3810-200-12). 

161 Remove the capscrews (1, fig- 3-4), lock- 
washers 121. flatwashers (3), key (5) and shaft (4). 

IT) Lift the boom assembly from the shipper 
plates and lower to the ground. 

c. Disassembly. 

Ill Slide the telescoping section (24) forward 
and remove boom extension cylinder anchor pin 
ilT. fig. 3-2). 

(2) Remove the nuts (26, fig. 3-4) four lock- 
washers 127). and capscrews (28). 

l3l Remove the bracket (29) and boom ex- 
^nsion cylinder. 

i4l Remove capscrews (8), lockwashers (9), 
centric pin (10), roller (12) and sleeve bushing 
li. 

(5 I Remove capscrews (13), lockwashers (14), 
bearing retainer (18) and roller assembly (15) with 
bearings (171. 

(6) Remove the boom hoist cylinder shaft (1, 
fig. 3-31. 

d. Cleaning, Inspection, and Repair. 

I 1 I Clean all parts with an approved cleaning 
solvent. Dry with compressed air. 

(2) Inspect wear shoes (23, fig. 3-4) for wear. 
Replace if wear shoe bearing surface is worn to a 
thickness of 7 / 16 inch. 

13) Inspect bushings (30 and 31) for scoring or 
wear. If worn sufficiently to allow 0.0350" total 
radial clearance on the shafts or are scored, replace 
the bushings. 

141 Inspect the roller assembly (15) for ex- 
cessive wear or Haman-o 



(5 ) Rotate the bearings (17) slowly by hand. If 
roughness is detected, replace the bearing(s). 

16) Inspect the roller ( 12") for excessive wear or 
damage. Replace as required. 

(7) Inspect shafts and pins for wear and 
scoring. Replace as required. 

(8) Inspect the boom hoist cylinder shaft, on a 
surface plate, for warpage. If longitudinal 
alinement varies more than 00250 inch, replace the 
shaft. 

(9) Inspect main boom and telescoping section 
weldments for cracks, breaks, and distortion. 
Repair as required. 

e. Assembly. Assemble the main boom assembly 
in the reverse order of disassembly. 
/. Installation. 

(1 ) Install the main boom assembly in reverse 
order of removal. 

(21 Lubricate in accordance with current 
lubrication order. 



KEY to figure 3-4. 

1. Capscrew (21 

2. Lockwasher (21 
Washer, flat (21 
Shaft, straight 

.">. Key, machine 

6. Fitting, lubrication (2i 

T. Fitting, lubrication (51 

H. Capscrew 

( ). Lockwasher 

0. S'in, eccentric 

1. Bushing, sleeve 

2. Roller, sleeve 

3. Capscrew (HI 

4. Lockwasher (HI 
.">. Roller assembly 

16. Ring, (2) bearing, inner 

17. Roll and rollers (21 

I H. Retainer, bearing (21 
1 ( ). Nut (HI 

Lockvvasher (HI 

Capscrew (6( 

Screw, machine (21 

Shoe (21 

Boom, telescoping 
25. Plug (21 
2<>. Nut (41 

27. Lockwasher (4) 

28. Capscrew (4) 

29. Bracket 

30. Bushing (21 

31. Bushing (2) 

32. Boom, main 
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24. 
25. 
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Section III. HOIST DRIVE COMPONENTS 



The hoist drive components consist basically of the 
hydraulie drive motor, and the hoist gear box and 
drum assembly. The hoist motor is under full power 
hoisting and lowering to assure positive 



control of the" crane load. The crane hydraulic 
system is connected through a rotary seal unit to the 
revolving hydraulic elements. The hoist gear box 
drive and drum assembly are sturdily constructed 
units, designed to provide many hours of operation 
under severe operating conditions. 

3-8. Moist Drive Motor 

a. Removal. Remove the hoist drive motor (refer 

-.; TM 3810-290-121. 



b. Disassembly. 

NOTE 
Before disassembly, test motor (para /, below). 

(1) Remove the four capscrews (1, fig. 3-5) 
from the valve plate sub-assembly (2). Remove the 
valve plate and gasket (7) from the housing (25). 

(2) Turn the rotating group slightly to free it 
from the swash plate (28). 

(3) Tilt the housing and remove the rotating 
group. 

CAUTION 

Do not separate the cylinder block (12) 
from the rotating group during removal 
from the housing. 




30 



1. Capscrew 141 

2. Valve plate 

.''>. Rotation plate 12 1 

I. Screu I HI 

i. Bearing 

d. Retaining ring 

T. Gasket * 

K. Retaining ring * * 

'. \\ asher * * 

! n. Spring * * 

1 1 . \\ a-her * * 



12. Cylinder block * * 

13. Pin 131 * * 
11. Washer * * 

1.1. Spherical washer * * 

I (>. Retaining ring 

I ~ . Retaining ririfj 

1 u. Bearirifr 
1<>. Shaft 
20. Sleeve 

2 1 . Retaining rinfj 
22. Washer 

* liK'liidi'd in seal kit. 
* * liu'liuU'd in Totaling H''<>"P kit. 

Figure 3-5. Hoist drive motor, exploded view. 
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23. Washer 

24, Seal * 
2.). Housing 

2(>. Preformed packing 

27. l>|,,p 

28. S \vash plate * * 
2 ( ). Piston / shoe assy * 

30. Shoe plate * * 

31. Pin 121 

32. Instruction plate 
.33. Name plate 
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Handle the pistons carefully to avoid 
marring their polished surfaces. 
(5 ) To remove items (8 thru 1 1 ) from cylinder 
block (121. insert a !/> x 5 ] /2 inch long boh with '/2 
I.I), x l'Y\ O,D. flat washer through shaft bore. 
Place another flat washer and nut on bolt and 
tighten until tension is removed from retaining ring 
(8). 

(6) Remove retaining ring (8) and back off nut 
slowly to relieve compression on spring (10). 
Remove spring (10) and washers (9 and 11). 

(7) Lift the swash plate (28) from the housing. 

(8) Remove the retainer ring (16). 

191 Drive the shaft (19) and bearing (18) from 
the housing with a soft tip hammer. 

(10) Remove the retainer ring (17), and 
bearing (18) from the shaft. 

(Ill Remove the retainer (21) and sleeve (20) 
from the shaft ( l c )). 

(12) Remove the washers (22 and 23) and seal 
124) from the housing. 

c. Cleaning, Inspection, find Repair. 

(1) Clean all parts with an approved solvent. 
Dry thoroughly and place or. a clean surface for 
inspection. 

(2) Inspect the valve plate (2) for wear or 
scoring on the flat surface which mates with the 
cylinder block ( 12}. Minor defects can be removed 
by lightly stoning the surface, however, any lapping 
should not exceed 0.0002 inch. IF damage requires 
more lapping, replace the valve plate. 

(3) Inspect the cylinder block (12) for wear 
and scoring of bores and surface that mates with 
valve plate (2). Minor scoring of the flat surface 
can be removed with a fine lapping stone. Replace a 
cylinder block that has damaged bores, or is deeply 
scored. 

NOTE 

A minting group kit and a seal kit are available for 
the repair of the motor. Refer to TM .~>-381 ()-20- 
.'543* for kit components. 

(4) Replacement of all nine piston and shoe 
assemblies (29) is recommended at overhaul. The 
ball must swivel smoothly in shoe and end play 
between piston and shoe must not exceed 0003 
inch. The dimension of the shoe shoulder from the 
shoe face that rides on the swash plate must be 
maintained within 0.001 inch from one shoe to 
another for all nine shoes. If necessary, hand lap 
the shoes using a 400A or 500A emery paper 
backed by a lapping plate. 



15) Inspect the swash plate (28) for wear or 
scoring. Minor defects may be removed with a 
lapping stone. If removal of more than 0.0004 inch 
is required, replace swash plate. 

(6) Inspect the bearings (5 and 18) for 
roughness or excessive play. Replace if necessary. 

(71 Inspect the drive shaft (19) for scoring or 
wear in the shaft seal (24) area. Replace shaft if 
scored or worn. 

d. A ssembly. Assembly is basically the reverse of 
disassembly but extreme care should be exercised in 
assembly to insure correct performance. Use a new 
gasket (7). seal (24), and packing (26) when 
assembling. 

(1) Coat all parts with a light film of clean 
hydraulic fluid. 

(2) Install a new shaft seal (24) in the housing 
(25) with seal driver (fig. 3-1). Place washers (22 
and 23) over the seal. 

(3) Install bearing (18) and retainer ring (17) 
on the drive shaft (19). Fil! the bearing one-third 
full with a good grade of high temperature ball 
bearing grease. Install the shaft and bearing in the 
housing and install retainer ring (16). 

(4) Assemble ring (8). washers (9 and 1 1 ), and 
spring (10) in cylinder block (12). 

(5) Install the swash plate (28) in housing with 
chamfered edge facing shaft seal. 

(6) Place the cylinder block face down on a 
smooth clean surface. Insert the three pins (13) in 
die cylinder block (.121. Grease washer (!4) and 
spherical washers (15) and place them on the pins. 

(7) Place I he nine pistons (29) in the shoe 
plate (30). 



not allow 



pisioais &o strike each 



(8) Hold the shoe plate carefully and aline the 

pistons and slip them into the lubricated cylinder 
block. 

(9) Hold the cylinder block and shoe plate 
carefully to keep the pins and washers, and other 
components intact; install the rotating group on the 
drive shaft. Rotate slightly to aid in alining splines 
of cylinder body and drive shaft. 

(10) Replace valve plate (2) and gasket (7). 
Secure with capscrews ( 1 ) and tighten to a torque 
of 90-95 pound -feet. 

e. Performance Testing. 

(1) Mount the hydraulic hoist motor on a 
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.uitable bench where it is possible to make the 

following hook-up: 

n) \dapt a brake-load cell to motor shaft. 
ra , ial) |,, ,,f indicating to 3600 in-lb. running 

t " r ' !l " ' thi Provide a hydraulic fluid supply, so 
,h, t . rate of flow can be metered from to 80 
<;i'M : and the supply pressure is variable from to 

3000 p.s.i. 

/H Ad apt a tachometer to motor shaft, with 

a range of to 3200 RPM. 

(21 With the brake-load cell set at each of the 
following listed in-lbs. running torque, the ap- 
proximate pressure required for operation of the 
motor is indicated. 

Differential input pressure 

6.10-700 

1 200-1 2SO 



NOTE 

Initial pressure required for starting can be 25 
peivent higher than shown. 

I3I With a tachometer mounted on the motor 
shaft, supply hydraulic fluid to the motor at each of 
the following listed rates, observing the 
corresponding output RPM indicated on 

tachometer. 

RPM 

400 

7<)0 

1 IHfi 

1SH5 

I)T5 

2375 

2770 



(4l Failure of motor to meet the above per- 
formance characteristics within a 10 percent 
tolerance indicates a faulty motor and replacement 
is required. 

/. Leek age Test. 

I 1 I Provide a 120 F. oil supply at 3000 p.s.i. 
i2l Drive the hoist motor at a constant speed 

between 100-2600 RPM. 

(3l Provide a means of measuring the rate of 
flow from motor case drain. 

i-l I .Maximum allowable drainage is 10,000 
cubic centimeters per minute. If rate of flow ex- 
ceed- this, repair or replace motor. 

i;. Installation. Refer to TM 5-3810-290-12. 
Install the hoist motor. 

3-9. Hoist Gear Box and Drum Assembly 
a. Removal. 

III R em ove hoist ffpar K/^L, ., J j -...-. i_i_. 



121 Remove the hoist drive motor (refer to TM 
5-3 8 10-2 90-12). 

b. Disassembly. 

(1) Remove capscrews (31, fig. 3-6), lock- 
washers (30). and cover plate (29). 

(21 Remove the capscrews (35), lockwashers 
(36), and cover (27). 

13) Loosen the jam nut (9), and remove the 
setscrew (8). 

(41 Remove the center plate (10), and worm 
gear (25) from the shaft. 

(5) Remove the capscrews (1), retainer (3), 
and gasket (4). 

((>) Remove plug (591, setscrew (17), and 
coupling (16). 

(T)Remove the capscrews (19), lockwashers 
(20), motor adapter (21). and gasket (22) from the 
gear case. 

(8) Remove the shaft (14), spacer (7 and 12). 
and worm (11) from the gear box. 

c. Cleaning, Inspection, and Repair. 

( 1 ) Clean all parts with an approved solvent. 
Dry thoroughly. 

(2) Inspect the shaft (14) for scoring and wear. 

(3) Inspect the bushing (28) for scoring and 
excessive wear. If radial clearance on drum shaft 
bushings exceeds 0.010 inch, replace the bushings. 

(4) Inspect the bronze worn gear teeth (25) for 
excessive wear by meshing the steel worn (11) with 
the worm gear. If backlash between worm and gear 
exceeds 0.025 inch, replace the worm gear (25) on 
tlie center plate (10), by removing the capscrews 
(37) and lockwashers (38). When replacing the 
worm gear, tighten capscrews to 50-55 ft.-lbs. 
torque. 

(51 Inspect the steel worm for scoring. Replace 
as required. 

(6) Inspect the tapered roller bearings (24) for 
worn rollers and rough spots while rotating the 
bearings. Inspect the bearing cup (23), for rough 
spots. Replace as required. 

(7) Inspect the keys (13 and 15) for wear. If 
any are loose fitting in respective keyways, replace. 

(8) Remove the seal (18) from the motor 
adapter (21). Replace with new seal when 
assembling the unit. 

d. Assembly. Assemble gear case and drum 
assembly in reverse order of disassembly. Replace 
gaskets (22 and 4) with new units. 

e. Installation. 

(1) Refer to TM 5-3810-290-12, and install 
the hoist gear box and drum assembly. 

(2) Refer to TM 5-3810-290-12 and install the 
hoist drive motor. 

(3) Lubricate the gear box assembly in ac- 
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1. Capscrew (4 I 

2. Plug, pipe 

3. Retainer 

4. Gasket 

5. Cup, hearing 
<>. Cone, bearing 
7. Spacer 

K. Setscrew (21 

y. Washer (2 1 

10. Plate, center 



! . Worn) 

2. Spacer 

:>,. Key 

4. Shaft 

.~>. Key 
Id. Coupling 
I 7. Setscrew 
IK. Seal 

l ( ). Capscrew (6) 
20. Lock washer (( 



~ 1 . Adapter, motor 

2-2. (Jasket 

-'I. (iup. hearing 

24. Cone, hearing 

2.). (;(>ar. worm 

2(>. Gasket 

2 , . (.lover 

211. Bush inn 

2 ( ). Clover plate 



Figure -1-6. Hoist gear box and drum assembly, exploded view 



5 I . Capst'row 1 4 I 

52. FittiiiK. lubrication 

:?:{. Klbow 

34. Pluu. pipe 

3.~>. Cafiscrew (Hi 

3(>. Lockuasher IHI 

37. Capscrew (f> ) 

,'M. Lockwasher If) I 

:?<). IMup 

40. Pliifj. pipe 
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Section IV. UPPER TURRET AND BOOM SWING COMPONENTS 



3-10. General 

The crane sub-base and superstructure assembly 
must be removed from the carrier before the boom 
swing motor, boom swing gear box, rotary seal, and 
upper turret can be removed (fig. 3-7). The boom 
swing motor is similar in design with the hoist drive 
motor. The boom swing gear box is also similar in 
design with the hoist gear box (para 3-9). The 
rotary seal unit and collector ring assembly 
provides hydraulic and electric connections to the 
superstructure revolving elements. 

3-11. Boom Swing Motor 

a. Removal. Remove the boom swing motor 
(refer to TM 5-3810-290-12). 

NOTE 
Before disassembly, test motor (para /, below). 

b. Disassembly. 

(1) Remove the four eapscrews (1, fig. 3-8) 
from the valve plate subassembly (2). Remove the 
valve plate (2) and gasket (6) from the housing 
(21). 

(2) Turn the rotating group slightly to free it 
from the swash plate (24). 

(3) Tilt the housing and remove the rotating 
group. 



CAUTION 

Do not separate the cylinder block (11) 
from the rotating group during removal 
from the housing. 

(4) Remove the pistons (25) and shoe pU 
(26) from the cylinder block (11). 

CAUTION 

Handle the pistons carefully to avoid 
marring their polished surfaces. 

(5) To remove items (7 thru 10) from cylinc 
block (11), insert a % x 5 inch long bolt with : ^ 
I.D. x P/6" O.D. flat-washer through shaft bo 
Place another flat washer and nut on bolt a 
tighten until tension is removed from retaining ri 
(7). 

(6) Remove retaining ring (7) and back < 
nut slowly to relieve compression on spring (' 
Remove spring (9) and washers (8 and 10). 

(7) Lift the swash plate (24) from t 
housing. 

(8) Remove the retainer ring (16). 

(9) Drive the shaft (15) and bearing (1 
from the housing with a soft tip hammer. 

(10) Remove the retainer ring (17), a 
bearing (18) from the shaft. 

(11) Remove the washer ( 1 ( ) I and seal (2 
from the housing. 
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Figure .1-7. Rotary seal and tubing, disconnect, removal, and installation. 



c. Cleaning, Inspection, and Repair. 

(1) Clean all parts with an approved solvent. 
Dry thoroughly and place on a clean surface for 
inspection. 

(2) Inspect the valve plate (2) for wear or 
scoring on the flat surface which mates with the 
cylinder block (11). Minor defects can be removed 
by lightly stoning the surface, however, any lapping 
should not exceed 0.0002 inch. If damage requires 
mom- lapping, replace the valve plate. 

(3) Inspect the cylinder block (11) for wear 
and scoring of bores and surface that mates with 
valve plate (2). Minor scoring of the flat surface 
can be removed with a fine lapping stone. Replace a 
cylinder block that has damaged bores, or is deeply 
scored. 

NOTE 

A rotating group kit and a seal kit are available for 
the repair of the motor. Refer to TM5-3H1 0-200- 
.'{4F for kit components. 



(4) Replacement of all nine piston and shoe 
assemblies (25) is recommended at overhaul. The 
ball must swivel smoothly in shoe and end play 
between piston and shoe must not exceed 0.003 
inch. The dimension of the shoe shoulder from the 
shoe face that rides on the swash plate, must be 
maintained within 0.001 inch from one shoe to 
another for all nine shoes. If necessary, hand lap 
the shoes using a 400A or 500A emery paper 
backed by a lapping plate. 

NOTE 

Dip emery paper in kerosene and keep \vet during 
polishing. 

(5) Inspect the swash plate (24) for wear or 
scoring. Minor defects may be removed with a 
lapping stone. If removal of more than 0.004 inch 
is required, replace swash plate. 

(6) Inspect the bearings (5 and 18) for 
roughness or excessive play. Replace if necessary. 

(7) Inspect the drive shaft (15) for scoring or 
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W e.r in the shaft seal (20) area. Replace shaft if 



A..emblv is basically the reverse of 
disassembly but extreme care should be exerted ,n 
assembly to insure correct performance Use a ne* 
gasket i6l. seal (20K and packing (23) when 



hvdraulic fluid. . 

" ( 2 | Install a new shaft seal 120) in the 
housing (21). with seal driver (fig. 2-1). Place 
washer (191 over the seal. 

(3) Install bearing (18) and retainer nng 
(17), on the drive shaft (15). Fill the bearing one- 
half full with good grade of high temperature ball 
bearing grease. Install the shaft and bearing in the 
housing and install retainer ring (16). 

(4) Assemble ring (7), washers (8 and 10), 
and spring (9) in cylinder block (11). 

(5) Install the swash plate (24) in housing 
with chamfered edge facing shaft seal. 

(6) Place the cylinder block (11) facedown on 
a smooth, clean surface. Insert the three pins (12) 
in the cylinder block (11). Grease the back-up 
washer (13) and spherical (14) washers and place 
them on the pins. 

(7) Place the nine pistons (25) in the shoe 
plate (26). 

CAUTION 

Do not allow the pistons to strike each 
other. 

(8) Hold the shoe plate carefully and aline the 
pistons and slip them into the lubricated cylinder 
block. 

(9) Hold the cylinder block and shoe plate 
efully to keep the pins and washers, and other 
iponents intact; install the rotating group on the 
'e shaft. Rotate slightly to aid in alining splines 

i cylinder body and drive shaft. 

(10) Replace valve plate (2) and gasket (6). 
Secure with capscrews (1) and tighten to a torque 
of 70-80 pound-feet. 

e. Performance Testing. 

( 1 ) Mount the hydraulic swing motor on a 
suitable bench and provide the hook-up outlined in 
paragraph 3-8 e (1) for the hoist motor. 

(21 With the brake load cell set at each of the 



following listed in.-lbs. running torque, the ap 
proximate pressure required for operation of th< 
motor is indicated. 

In-lbs. Differential input pressif' 

500 ')>() 

1000 1 850-1 <>00 

NOTE 

Initial pressure required for starting can be 25 
percent higher than shown. 

(3) With a tachometer mounted on the motor 
shaft, supply hydraulic fluid to the motor at each of 
the following listed rates, observing the 
corresponding output RPM indicated on 
tachometer. 



GPM 
10 




RPM 

. .. . 550 







1 1<)0 


'iO 




1800 


40 




240(1 




KEY to figure 3-8. 






1. Capscrew (4) 






2. Valve plate 






3. Rotation plate 






4. Screw 161 






5. Bearing 






6. Gasket * 






7. Retainer * * 






8. Washer ** 






( ). Spring * * 






10. Washer * 






11. Cylinder block * * 






12. Pi'n (3) ** 






13. Washer * * 






14. Spherical washer ** 






15. Shaft 






1(>. Retainer 






17. Retainer 






18. Bearing 






1<). Washer 






20. Seal * 






21. Housing 






22. Plug 






23. Preformed packing * 






24. Swash plate * * 






25. Piston << ** 






26. Shoe plate * * 






27. Pin 12) 






28. Instruction plate 





29. Nameplate 

Included in seal kit. 

Included in rotating group kit. 
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(4) Failure of motor to meet the above per- 
formance characteristics within a 10 percent 
tolerance indicates a faulty motor and replacement 
is required. 

/. Leakage Test. 

( 1 ) Provide a 1 20 F. oil supply at 3000 p.s.i. 

(2) Drive the motor at a constant speed 
between 100-2600 rpm. 

(3) Provide a means of measuring the rate of 
flow from motor case drain. 

(4) Maximum allowable drainage is 6,430 
cubic centimeters per minute. If rate of flow ex- 
ceeds this, repair or replace motor. 

g. Installation. Refer to TM 5-3810-290-12 and 
install the boom swing motor. 

3-12. Boom Swing Gear Box 

a. Removal. Remove boom swing gear box (refer 
to TM 5-3810-290-12). 

b. Disassembly. 

(1) Remove pinion gear (19, fig. 3-9), thrust 
washer (18), key (11), and bearing (16), from shaft 
(22). 

(2) Remove capscrews (41), lockwashers 
(40), and cover (39). 

(3) Remove capscrews (44), lockwashers 
(45), gasket (36), and cover (37). 

(4) Loosen jam nut (9) and setscrew (8). 

(5) Remove the worm gear (35) and center 
plate (34) from shaft (22). Remove key (10) and 
shaft (22). 

(6) Remove the capscrew.s (1). closed end 
plug (3), and gasket (4). 

(7) Remove plug (48), setscrew (29), and 
coupling (28). 

(8) Remove the capscrews (31), lockwashers 
2), motor adapter (33) and gasket (4). 

(9) Remove seal (301 from motor adapter and 
jl (17) from gear case (13). 

(10) Remove bearing cones (6), spacers (7 
and 24), worm (23), and key (26), from shaft (25). 

(11) With suitable puller, remove bearing 
cups (5) from end plug (3) and motor adapter (33 I. 

c. Cleaning, Inspection, and Repair. 

(1) Clean all parts with an approved solvent. 
Dry thoroughly. 

(2) Inspect the shafts (22 and 25) for scoring 
and wear. 

(3) Inspect the bushings (21 and 38) for 
scoring and excessive wear. If ply on drive pinion 
shaft (22) exceeds 0.015-0.025 inch, replace the 
bushings. 

(4) Inspect the bronxe worm gear teeth for 
excessive wear. Check the wear by meshing the 
steel worm (23) with worm gear. If end play on 
worm shaft exceeds 0.020 inch, replace the worm 



gear on the center plate (34) by removing the nu 
(49), lock-A-ashers (47), and capscrews (46). Whe 
replacing the worn gear, tighten nuts to 50-5 
pound-feet, torque. 

(5) Inspect the steel worm for scoring 
Replace as required. 

(6) Inspect the tapered roller bearing (6) fc 
worn rollers and rough spots while rotating th 
bearings. Inspect the bearing cup (5) for roug 
spots. Replace as required. 

(7) Inspect the keys (10, 11, 26, and 27) fo 
wear. If any are loose fitting in respective keywayi 
replace. 

(8) Inspect the thrust washer (18) for scorin 
and wear. Minimum thickness is 0.225 inch 
Replace as required. 

d. Assembly. Assemble the gear case assembly ii 
the reverse order of disassembly. Replace seals ( 1 
and 30) and gasket (4) with new units. 

e. Installation. Refer to TM 5-3810-290-12 am 
install the gear box assembly and swing motor. 



KEY to figure IM). 
1. Capscrew (4! 
'2. Pipe plug 

Closed end plug 

Gasket (21 

Bearing c'up 12) 

Bearing cone I 2 I 

Spacer 

Setscrew I 2 1 

Jam nut (2) 

Key 

K ey 

Plug 

Gear case 

Capsorew 141 

Lockwasher 14 I 

Bearing 

Seal 

Thrust washer 

Pinion gear 

Pipe plug 

Bushing 

Shaft 

Worm 
14. Spacer 



2.~>. Shaft 

26. Key 

27. Key 

2H. Coupling 

2<). Setscrew 

HO. Seal 

111. Capscrew 

112. Lockwasher 
1511. Motor adapter 
I? 4. Center plate 

Worm gear 

Gasket 

HT. Cover 

38. Bushing 

3'). Cover 

40. Lockwasher (4 

41. Capscrew (41 

42. Pipe plug 
411. Plug 

44. Capscrew (HI 

4.1. Lockwasher ( ft 

46. Capscrew (61 

47. Lockwasher ( 6 
4H. Plug 

40. Nut (61 
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3-13. Rotary Seal Assembly 

a. Removal. 

m Disconnect and remove the crane 
, u pe!structure (refer to TM 5-3810-290-12). 

(2) Disconnect the hydraulic Jines connected 
to the base of the rotary seal (fig- 3- < > . 

NOTE 

VI hen removing tub, assemblies tag assemblies to 
facilitate installation at assembly. 

,3! Loosen setscrews (14, fig. 3-101. and 

remove lock collar (13). 

(4) Remove collector ring assembly (refer to 

TM 5-3810-290-12). 

(5) Disconnect eight hydraulic lines from 
fittings of rotary seal housing (4). Disconnect one 
hydraulic line from top of rotary seal and remove 
the through tube assembly. 

(6) Remove rotary seal assembly. 

b. Disassembly. 

CAUTION 

Do not attempt to reseal or overhaul a 
rotary seal which has "locked up". 
Internal spool and housing damage will 
prohibit repair. 

(1) Remove screw (1, fig- 3-10) and cover 

plate (21. 

(2) Remove and discard packing (3). 

(3! Remove screws (15), and retaining ring 

(12). 

14) Press spool assembly (10) out of flange 
end of housing (4). 

(5) Place spool on a clean cloth on a smooth 
wood surface, and remove low^r bearing (11). 

(6) Remove upper bearing (7) from housing. 

(7) Remove and discard seals (8) and packing 
91. 

c. Cleaning, Inspection, and Repair. 

II) Clean all metal parts with an approved 
cleaning solvent, Dry thoroughly with compressed 
air. 

(2) Inspect all hydraulic fittings on the rotary 
seal housing (4) for damaged threads. Replace 
fittings and /or seal assembly as required. 

(3) Carefully clean the spool and housing and 
dry thoroughly with a lint free cloth. 

14) Lubricate spool and housing with clean 
hydraulic oil. 

(5) Clean bearings. 

(6) Inspect bearings for binding or roughness. 
IT) Lubricate bearings with clean hydraulic 

oil. 

d. Assembly. 

(1) Install new packing (9) and seal (8) in 
each of the nine slots of the spool (10). 



NOTE 

It is ii,"- essary to install the packings and seals 
from the top of the spool. Work them over the 
spool, and install the bottom packing and seal 
first. Work toward the top until all nine of the 
packings and seals are installed on the spool. 

( 2 ) Aline the spool and housing ; compress th 
top seal, and work the spool into the housing. 

CAUTION 

Scratches or abrasions on the teflon 
seals will be potential sources of leaks. 
Entry of the spool into the housing must 
be made gradually with a small amount 
of rotation. 

(3) Repeat procedure (2) above for each se; 
and packing in succession until the spool is corr 
pletely inserted in the housing. 

(4) Install upper and lower bearings (7 an 
11) with open side of bearing facing spool. 

NOTE 

It is necessary to have open side of bearings facing 
spool to accomplish lubrication of the ball 
bearings. 

(5) Install cover plate (2) and retaining rin 
(12) with new packing (3). 

(6) Continue assembly of rotary seal ii 
reverse order of disassembly. 

e. Installation. 

(1) Refer to TM 5-3810-290-12 and insta! 
the collector ring assembly. 

(2) Install rotary seal assembly with por 
number 4 positioned on right side, 90 from th 
longitudinal axis. 

(3) Install lock collar (131 and secure it ii 
place with setscrew (14). 

(4) Insert through tube assembly, and connet 
one hydraulic line to top of tube assembly. 

(5) Connect eight hydraulic lines to the eigh 
fittings on rotary seal housing. 

(6) Install tube assemblies to base of rotar 
seal using tags for positioning, or as follows: 

(a) Install reducing tee on through tube 

NOTE 
Port numbers are stamped on base of rotary seal. 

(b) Connect tube assembly ipart m; 
54324) to port number 5, finger tight. 

(c) Connect tube assembly (part no. 54322 
to port number 3. 

NOTE 

Tube assemblies must be stacked in tube retainer 
(fig. 3-6) during assembly. 

(d) Connect tube assembly (part nc 
54323) to port number 4. 
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(e) Connect tube assembly (part no. 54321 ) 
to port number 2. 

(f) Connect tube assembly (part no. 54320) 
to port number 1. 

(g) Connect tube assembly (part no. 
54326) to port number 7. 

(h) Loosen tube assembly on port number 
5. Connect tube assembly (part no. 54327) to port 
number 8. Tighten tube assembly on port number 
5. 

(i) Connect drain line tube assemblies to tee 
on through tube. 

(j) Install retainer straps. 

(k) Install wire assembly through rotary 
seal and connect to collector ring. 



KKY to figure .'MO 

1. Screw 1 4 1, internal hexagon filister head 

2. Plate, cover 
Packing, preformed 
H rinsing 

;">. Capsorew 13). hexagon head 

f. Lockwasher I .'5 1 

7. Bearing, ball 

. Seal I*)), teflon 

'). Packing preformed 
10. Spool assembly 
1 1 . Bearing, ball 
1 2. Ring retaining 

13. Lock collar 

14. SeLscrew, square head 

If). Screw If)), internal hexagon filister head 
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3-14. Upper Turret Assembly 

a. Removal. 

II) Disconnect and remove the crane 
superstructure (refer to TM 5-3810-290-12). 

NOTE 

Removal of the hook block, main boom, and hoist 
drive and drum is not mandatory, but may be 
desirable because of lessened weight and greater 
ease in handling. For removal of hook block and 
hoist drive and drum, refer to paragraph 3-6. 

(2) Remove the collector ring assembly (refer 
to TM 5-3810-290-12). 

13) Remove the rotary seal assembly (para 3- 
131. 

14) Remove the boom swing motor and boom 
swing gear drive assembly (para 3-11 and 3-12). 

b. Disassembly. 

1 1 ) Attach a sling and suitable lifting device to 
upper turret assembly (30, fig. 3-11). 

(2) Remove capscrews (26) and lockwashers 
(28), that secure antirotation lock (29) to ring gear 
bearing (31), and remove lock with lubrication 
fitting (16), chain (17), and turret lock pin (18). 

(3) Remove capscrews (27), and lockwashers 
(28), that secure upper turret (30) and ring gear 
bearing to top plate (32), and remove upper turret 
assembly. 

141 Remove ring gear bearing (31). 

NOTE 

This ring gear bearing is a precision manufactured 
item, and its removal is not required unless in- 
spection reveals badly scored or broken gear teeth. 
or binding in the rotation of the assembly. Do not 
attempt to repair. Replace the assembly if 
required. 

c. Cleaning, Inspection, and Repair. 

ID Clean all parts with an approved cleaning 
solvent. Dry thoroughly with compressed air. 

<2) Remove all rust and scaling paint with a 
stiff wire brush and abrasive cloth. Paint all ex- 
ter.or bare metal surfaces before assembling the 
unit. 

(31 Inspect the boom hoist cylinder shaft for 
radial play in bushings (13). If pl ay exceeds 0.030 
inch, replace the bushing. 

141 Install the boom swing gear box (para 3- 
1 1 and measure the backlash between drive pinion 
and rmg gear. Normal backlash is 0.015 to 0.023 
'nch. H backlash exceeds 0.050 inch, replace the 
drive pinion and / or ring gea r 



(5) Replace the lubrication fittings (14 
and 16) as required. 
d. Assembly. 

(1) Install the ring gear bearing (31) in i 
plate (32). 

(2) Coat the ring gear and drive pinion tei 
with gear lubricant (refer to LO 5-3810-290-1 

(3) Install the upper turret assembly on r: 
gear bearing. 

(4) Install antirotation lock on upper tur 
assembly. 

(5) Secure upper turret assembly and i 
tirotation lock with capscrews (26 and 27), a 
lockwashers (28). 

(6) Torque capscrews to 240-250 pound-ft 
e. Installation. Install the upper turret asseml 

in reverse order of removal. 

KEY to figure 3-] 1. 

1. Capscrew 13) 

2. Lockwasher (31 

3. Clamp, loop (3 1 

4. Harness, wire 

X Nut, tube coupling (21 
ft. Tube, copper 
i . Elbow, pipe 
K. Connector, straight 
. Capscrew (4) 
10. Lockwasher (41 
Bracket 

2. Bracket 

3. Bushing, sleeve 1 1? I 

4. Fitting, lubrication 
Filling, lubrication 

In. Fitting, lubrication (21 
IT. Chain 
in. Fin. lock 
1. Collar (21 
2d. Plug, pi,,,- 

21. Nut I l(,| 

22. Washer, b.-v.-l I In! 

23. Washer I U.I 

24. Capscrew (Kl 
2.K Capscrew IK I 
2n. Capscrew 161 
27. Capscrew I I I 
2H. Lockwasher I I C> I 
2 n . Lock, antirotation 

3<>. Upper turret assembly 

3 1. Bearing, ring gear 

32. Plate, top 

33. Spacer (HI 
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Section V. CRANE HYDRAULIC SUPPLY SYSTEM 



3-15. General 

a. The heart of the crane hydraulic system 
consists of the reservoir with adequate capacity, 
external return line filter, hydraulic pump, and 
associated lines and fittings connected to the ac- 
tuating components of the crane. Replacement of 
the reservoir and associated components has been 
covered in TM 5-3810-290-12. 

b. The crane hydraulic pump is a dual, rotary 
vane, high-pressure unit mounted on the carrier 
frame at the rear, and driven by the engine 
crankshaft through an adapter bolted to the 
crankshaft pulley, a flexible coupling, and a 
reduction gear box. The pump supplies all fluid 
power required for crane operations. 

3-16. Crane Hydraulic Pump 

a. Removal, Remove the pump assembly (refer 
to TM 5-3810-290-12). 

b. Disassembly. 

( 1 ) Clamp the pump body (25, fig. 3-12), in a 
vise with protective jaw covering, cover end up. 

(2) Remove the four cover bolts (1). 

(3) Mark the cover (2) and inlet housing (17) 
to insure correct port positioning during assembly. 

(4) Remove the cover (2) and packing (7). 

(5) Pull out the end cartridge. 

(6) Remove four bolts (16). 

(7) Remove inlet housing (17) and packing 
(38). 

(8) Turn shaft (30) to free large cartridge and 
emove cartridge from body (25). 

(9) Remove large lockring (33) and pull out 
shaft (30) and bearing (31) 

NOTE 

If it is necessary to remove the shaft bearing (31 ), 
remove the retainer (321. Press the shaft out of the 
bearing, supporting the inner bearing race. 

(10) Drive out shaft seal (27) and wiper (26) 
from the body (25). 

(11) Remove the preformed packing (35 and 
36) and back-up rings (34 and 37) from the 
pressure plate (39). 

(12) Remove the two fillister-head screws 
(18) and lift off the wear plate (20). 

CAUTION 

Note carefully the position of the ring 
{21), rotor (22), and vanes (24) to insure 
proper positioning when reassembling. 

(13) Repeat the above procedure in 
disassembling the wear plate (13) and pressure 
plate (8). 

(14) Separate the rings, rotors, vanes, locating 
pins, and pressure plates. 



(15) Discard shaft seal, preformed packing, 
and back-up rings. Use a new seal kit when 
assembling the pump. 

c. Cleaning, Inspection, and Repair. 

(II Wash all metal parts in clean, cleaning 
solvent. Dry thoroughly with filtered compressed 
air. 

(2) Place all parts on a clean surface for in- 
spection. 

( 3 ) Check the wearing surfaces of the cartridge 
parts for scoring or excessive wear. Remove light 
score marks by lapping. Replace heavily scored or 
badly worn parts. 

NOTE 

Cartridge kits are available assembled and pre- 
tested. If the old cartridges are worn extensively, 
kit replacement will be advantageous. 

(4) Inspect vanes (11 and 24) and inserts (10 
and 23) for burrs, wear, and excessive play in rotor 
slots (9 and 22). Replace rotor if slots are worn. 

(5) Rotate shaft bearing (31) while applying 
pressure to check for wear, looseness and / or rough 
races. Replace as required after removing retainer 
ring (32). 

CAUTION 

When replacing bearing, make sure that 
the inner race of bearing is supported in 
the arbor press. 

(6) Inspect seal and bushing mating surfaces 
on shaft for scoring or wear. Remove light scoring 
by lapping; otherwise, replace shaft (30). 

d. Assembly. 

(1) Coat all pump parts with clean hydraulic 
fluid to facilitate reassembly. Apply smull 
amounts of petroleum jelly to all preformed 
packing to hold in place during assembly. 

(2) Place the rotor (22) on the pressure plate 
(39) with the arrows on the rotor pointed in the 
correct direction of rotation. 

NOTE 

The correct direction of rotation is left hand 
(counterclockwise) when viewed from the shaft 
end of the pump). 

(3) Insert the vane (23 and 24) in the rotor 
with the radius edges of the vanes facing toward? 
the ring (21) when installed. 

(4) Install the two locating pins (14) in tht 
pressure plate (39). 

(5) Place the ring (21) on the pressure plat. 
(39) with the ring arrow pointing in the correc 
direction of rotation. 

(6) Apply a small amount of good grade ol 
sealant to the threads of screws (18). Install tht 
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wear plates (20) on ahe ring (21). Insert the screws 
In the wear plate. Engage in pressure plate and 
tighten securely. 

17) Install new shaft wiper (2bj and seal (27) 
in body (25). Use seal installing tool (fig. 2-1) to 



(8) Clamp body (25) in a vise and install 
washer (28) against seal. 

(9) Press shaft (30) into bearing (31) in an 
arbor press, supporting inner bearing race. Install 
retainer ring 132). 

(10) Tape end of shaft and lubricate seal lip 
with grease or petroleum jelly. 

(11) Tap shaft and bearing into body and 
install lockring (33). 

(12) Install preformed packing (35) on 
pressure plate hub (39). Install back-up ring (34). 

(13) Install packing (36) and back-up ring 
(37) on pressure plate hub (39). Lay the body 
packing (38) in place and install the cartridge 
assembly in the body so that one of the flats on ring 
(21) will aline with the inlet port when the inlet 
housing (17) is installed. 

(14) Place the inlet housing (17) over the 
cartridge so that the locating pins are properly 
engaged, and the inlet is in the correct position with 
respect to the body outlet. 

(15) Install the four bolts (16) and tighten to a 
torque of 85-95 pound-feet. 

(16) Assemble the cover end cartridge by 
placing the rotor (9) on the pressure plate (8) with 
the arrow on the rotor pointed in the correct 
direction of rotation. Insert the vanes (10 and 11) 
in the rotor with the radius edges of the vanes 
facing towards the ring (12) when installed. Install 
the two locating pins (14) in the pressure plate (8). 
Place the ring (12) on the pressure plate with the 
ring arrow pointing in the correct direction of 
rotation. Apply a .small amount of good grade of 
sealant to the threads of screws (15). Install the 
wear plate (13) on the ring (12). Insert the screws 
in the wear plate. Engage in pressure plate (8) and 
tighten securely. 

(17) Install the cover end cartridge, making 
sure that the locating pins engage in. the body. Place 
the back-up ring (6) and packing (5) on the 
pressure plate hub (8). 

(18) Place the packing (7) in its groove in the 



cover (2) and replace the cover, securing with four 
screws (1 ). Tighten to a torque of 65-75 pound-feet. 
e. Test. 

(1) Mount hydraulic purnp on bench. 

fa) Provide a 2.5 hp drive motor capable of 
driving pump at 1200 rpm. 

(b) Provide an oil reservoir of 25 gallons. 

fc) Install hose from pump inlet port to oil 
reservoir. 

(d) Install hose from pump outlet port (on 
shaft end) to tester (see TM 5-3810-290-12) Inlet 
port. 

(e) Install hose from pump outlet port (on 
cover end) reservoir. 

(f) Install hose from tester outlet port to 
reservoir. 

(g) Position reservoir so bottom of reservoir 
is level with or above pump inlet port and fill with 
OE-10 engine oil. 

(2) Drive pump at 1200 rpm and measure 
gpm at 150 F (66 C). 

NOTE 

To heat oil, load to 1750 psi. Cycle load, unload 
every 3-4 seconds until required temperature is 
reached (approximately 30 minutes). 

(a) Pump is rated 25 gpm at 1200 rpm and 
100 psi. 

(b) To compute gpm at differing rpm ; 
multiply the rated gpm by actual rpm and divide by 

1200. 

NOTE 

Ensure that air is not induced by intake line 
leakage or turbulence in reservoir. Air in test 
system will adversely affect gpm readings. 

13) Repeat test (para 2 above) on cover end of 
pump. 

(^Install hose from pump outlet (on cover 
end) to tester. 

(b) Install hose from pump outlet (shaft 
end) to reservoir. 

fc) Purnp is rated 17 gpm at 1200 rpm and 
100 psi. 

(4) Volumetric efficiency should be 84% or 
greater. Compute by dividing actual gprn by rated 
gpm. 

/. Installation. Refer to TM 5-3810-290-12 and 
install pump. 
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Key 


to figure 3-12. 


1. 


Bolt (41 


o 


Outlet cover 


3. 


Back-up ring * 


4. 


Preformed packing * 


5. 


Preformed packing * 


6. 


Back-up ring * 


i . 


Preformed packing * 


8. 


Pressure plate * * 


4 ). 


Rotor * * 


10. 


Insert (101 * * 


11. 


Vane (101 * * 


^2. 


Ring * * 


13. 


Wear plate * 


14. 


Locating pin (41 * * 


15. 


Screw ( 2 ( * * 


16. 


Boh (4) 


17. 


Inlet housing 


18. 


Screw (2 I * * 


1<). 


Bushing * * 


20. 


Wear plate * * 


21. 


Ring * * 


22. 


Rotor * * 


23. 


Insert (10) * * 


24. 


Vane 1101 * * 


23. 


Body 


26. 


Wiper 


27. 


Sea! 


28. 


Washer 


?.*). 


Key 


30. 


Shaft 


31. 


Bearing 


32. 


Retainer 


33. 


Lock ring , 


34. 


Back-up ring * 


35. 


Preformed packing * 


36. 


Preformed packing !f ~ 


37. 


Back-up ring * 


38. 


Preformed pecking *'" 


3<>. 


Pressure plate * * 


* SncBuded in 


*>eal EiU. 


* SncBuded in cartridge kits which all include all s>al kit components. 



gear 



box 



IB on 

a. Removal. Remove the reduction 
(refer lo TM 5-3810-290-12). 

b. Disassembly. 

(1) Remove drain plug (23, fig. 3-13) and 
drSn lubricant from near box. 



(21 Remove vent plug (4), elbow (3), plug (2). 
and elbows (\\ from gear box. 

13) Kemove seven capscrews 116) and lock- 
washers (15) that secure cover (14). 

(4) Remove ten capscrews (19), lockwashers 
(20), four capscrews (17), and lockwashers (18). 
Remove cover (21) and discard gasket (22). 

(5) Remove the input shaft assembly from 
gear box. Remove two screws (12) and bearing 
retainer (11). Pull outer bearing (9) and gear (10) 
from shaft (7). Remove key (8) and pull remaining 
bearing (9) from shaft. 

(6) Remove output gear and shaft assembl 
and with suitable puller remove bearings (24 ai 
27). Remove gear (25) and ' oy (8) from holl< 
shah (26). 

(7) Remove seal (6) from case (5) and discard. 

c. Cleaning, Inspection and Repair. 

(1) Clean all parts in an approved cleaning 
solvent and dry thoroughly. 

(2) Rotate bearing by hand to detect binding 
or roughness. Replace defective bearings. 

(3) Inspect gears for broken or cracked teeth 
and signs of wear. Replace gears as required. 

(4) Inspect shafts for scoring or other damage. 
Remove Sight scoring with fine crocus cloth. 

(5) Inspect case (5) and cover (21 ) for cracks, 
damaged threads or other damage. Replace as 
required. 

d. Assembly. 

(1) Assemble the reduction gear box in the 
reverse order of disassembly. 

(2) Install a new seal (6) and gasket (22). 

(3) Check back lash of gears. Maximum 
allowable backlash is 0.010 inch. Replace gears if 
backlash exceeds this limit. 

(4) Add lubricant in accordance with current 
lubrication order. 

e. Installation.Reter to TM 5-3810-290-12 and 
install the reduction gear box. 
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3. Elbow 

4. Vented plug 

5. Case 

6. Seal 

7. Input shaft 

8. Key (2) 

9. Bearing (2) 

10. Gear 

1 1. Gear retainer 

12. Screw (2) 

13. Gasket 



I i. Lapscrew (4) 

18. Lockwasher (4) 

19. Capscrew (10) 

20. Lockwasher (101 

21. Cover 

22. Gasket 

23. Plug 

24. Bearing 

25. Gear 

26. Hollow shaft 

27. Bearing 



Section VI. CRANE CONTROL VALVES 



3-18. General 

The Crane control valve banks are multi-section 
units, assembled to perform their specific function. 

A four-section unit, mounted directly in front of the 
operator controls the basic functioning cf >f the hoist 
(fig. 3~i4). A seven -section unit mounted at the left 
of the operator, controls the s-ving, outrigger, and 
miseL i !!aneous [unctions (fl^. 3-J6K Heliei valve 
j>respisres are set at 20'K) psi. 




(I) SUemovc- !i nobs dig. !v!4) from !<", crs. 

("2} Remove three Severs OK [oiS'-st'-'iion valve 
a^ ins'.rii'i'ted in figure .'-p-14. 

(.'51 2)iscofinect hydraulie liiu-s connected to 
four-section valve hank (fig. ; > >-!4l. 

(4) Refer lo parap-aph ''". ;:nr n-ni<ve righ.t 
hand suu- dottf and assembly ;:.;id ve:i tiljiior .frame 
i'r;>'A! cah base. 

{SI Reach in through right hand side door 
lissembly openiiig and rem<:'--<- capscrews. lock- 
ivas'hers and nuts securing foi'.r-sect ion s valve to 
Bracket, and remove valve. 
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Figure 3-14. Four-section valve, removal and installation. 
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b Disassembly- 

,1) Remove nuts (30, fig. 3-15) and studs 
,09,, to separate the four valve sections Remove 
spacers (18) and preformed packings (15 and 16). 

NOTE 

There are four spacers 1 18) between each valve 

sections (12 total I. 

C'| Kemove plug (35), spring (32), and poppet 
valve (31) from valve sections (14, 21 and 28). 
Remove and discard packing (33) and back-up ring 

(34). 

(3) Remove plugs (26 and 27). 

(4) Remove plug (22), packing (23), spring 
CM) and control valve from valve section (28). 

\S) Remove screws (20), cap (19) and gasket 
(12) from valve sections (17, 21 and 28). 

(6) Pull spools with assembled centering 
springs (10) from valve sections (17, 21 and 28). 

NOTE 

Centering spring (10) and retainers (8 and 9> 
should not be removed unless replacement is 

necessary. 

CAUTION 

Keep each spool with its respective 
section. They are not serviced 
separately and are not to be in- 
terchanged. 

(7) Remove two plugs (1), springs (2), and 
piston (3). Remove capscrews (36), cap (4) and 
preformed packing (13). 

(8) Pull operating spool, with assembled, 
centering spring (10) and detent (11). 

NOTE 

Centering spring U0| retainers (8 and 9), detent 
111), and retainer should not be removed unless 
replacement is required. 

(9) Remove two preformed packings (13) 
from each spool bore. 

c. Cleaning, Inspection and Repair. 

(1) Clean all parts with an approved solvent. 
Dry thoroughly with filtered compressed air. Place 
on clean surface for inspection. 

(2) Check spools carefully. Remove light 
scoring with lapping stone or fine crocus cloth. 
Otherwise, replace spool with new mating section. 

13) Remove any foreign material or burred 
edges from mating surfaces of valve sections. 

d. Assembly. 

(1) Coat all parts with clean hydraulic fluid. 
Coat all seals and packing with petroleum jelly. 

(2) Assemble the sections and component 
parts in the reverse order of disassembly. 



(3) Assemble the four sections on a surfa 
plate or other plane surface to provide accura 
alinement. 

(4) Coat the stud threads with a good grade 
sealant. Tighten the nuts (30) to a torque of 45-.i 
pound-feet. 

e. Installation. 

(1) Install the valve unit. Secure loosely wil 
attaching hardware. 

(2) Connect hydraulic lines. Tighten to 35-4 
pound-feet torque. 

(3) Tighten mounting bolts. 

(4) Install levers in reverse of removal. 

(5) Apply hydraulic pressure and inspect f 
leaks. Correct as required. 

(6) Refer to paragraph 6-5 and install ritf 
hand side door assembly and ventilator frame. 

Key to figure 3-15. 

1. Plug 12) 

2. Spring (2) 

3. Piston (2) 

4. Cap 

5. Retaining ring 

6. Washer 

7. Screw (4) 

8. Guide (4) 

9. Spring retainer (8) 
10. Spring (4| 

1 1. Detent 

12. Packing retainer (41 

13. Preformed packing (8) 

14. Outlet section "CL" w / spool 

15. Preformed packing (12) 

16. Preformed packing (31 

17. Center section "B" w / spool 

18. Shim (12 * 

19. Cap (3) 

20. Capscrew (6) 

21. Center section "D" w / spool 

22. Plug 

23. Preformed packing 

24. Spring 

25. Control valve 

26. Plug 

27. Plug 

28. Inlet section "K25D" w / spool 

29. Stud (4) 

30. Lockout 14) 

31. Poppet valve (3) 

32. Spring (3) 

33. Preformed packing 

34. Back-up ring (3) 
33. Plug (3) 

36. Capscrew (2) 

* 4 shims required between each valve section. 
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3-20. Seven-Section Valve 

a. Removal. 

Ill Remove knobs (fig. 3-16) from levers. 

(2) Remove seven levers on seven-section valve 
as instructed in figure 3-16. 

(31 Disconnect hydraulic lines connected to 
seven-section valve bank (fig. 3-16). 

(41 Remove capscrews, lockwashers, and nuts 
(fig. 3-16) securing seven-section valve to bracket. 
and remove valve. 



\TAG AND DiSCONNECT ALL TUBE ASSY 
FROM UNDER LEFT FRONT FENDER 



KNOB 



SEVEN-SECTION 
VALVE 

M 




RtMOVE CAPSCREWS, 
LOCKWASHERS 
AND NUTS'3'i 



REMOVE RETAINING RINGS ROD AND* ^ 
LEVERS'7; I j 
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Figure 3-16. Seven-section valve, removal and installation. 

b. Disassembly. 

II) Remove the nuts (12, fig. 3-17) and studs 
(13). 

(2) Separate the sections. 

(a) Inlet section (1). 

(b) Center sections (6). 

(c) Outlet section (11). 

CAUTION 

Mark sections so they may be assembled 
in their same respective positions, upon 
reassembly. 

13) Remove the screws (26), retainer (25), and 
sleeve (24). 

(4) Slide the spool (21) out of the section and 
remove the preformed packing (23 and 27). Do not 
remove the centering spring (22) and "C" washers 
(281 unless it is necessary to replace them. 

CAUTION 

Keep each spool with its respective 
section. They are not serviced 



separately and are not lo be in* 
terchanged. 

(5) Remove the check valve plug (17) fror 
the outlet section 111). Remove the packing (18) 
back-up ring (16), spring (15) and ball (14). 

(6) Remove the plug (5), packing (4), nrini 
.( 3 ) . an d valve ( 2 ) from the inlet section ( 1 ) . 

(7) Remove the retainer (8) and packing (7) 

NOTE 

During disassembly of valve assembly, seals (9, 19 
and 201 and retainer (101 should be removed. 
Discard all seals and preformed packing removed. 
Replace with new seals and packing contained in 
seat kit when assembling valve assembly. 

c. Cleaning, Inspection, and Repair. 

(1) Clean all parts with an approved solvent 
Dry thoroughly with filtered compressed air. Pbce 

on clean surface for inspection. 

(2) Check spools carefully. Remove light 
scoring with lapping stone or fine crocus cloth, 
Otherwise, replace spool with new mating section. 

(3) Remove any foreign material or burred 
edges from mating surfaces of valve sections. 

d. Assembly. 

( 1 ) Coat all parts with clean hydraulic fluid. 
Coat all seals and packing with petroleum jelly. 

(2) Assemble sections and component parts in 
the reverse order of disassembly. 

(3 ) Assemble the sections on a surface plate or 
other plane surface to provide accurate alinemt-m. 

(4) Coat the stud threads with a good grade- i>! 
sealant. Tighten the nuts to a torque of 15 pound- 
feet. 

e. Installation. 

(1) Install the valve unit. Secure loosely will 
attaching hardware. 

(2) Connect hydraulic lines. Tighten to 35-4<! 
pound-feet torque. 

(3) Tighten mounting bolts. 

(4) Install levers in reverse of removal. 

(5) Apply hydraulic pressure and inspect for 
leaks. Correct as required. 



Key to figure 3-17. 

1. Inlet section 

2. Valve 

3. Spring 

4. Preformed packing * 

5. Plug 



15. Spring 

16. Back-up rings * 

17. Plug 

18. Preformed packing * 

19. Seal * 

20. Seal * 



6. Center section (see text) 21. Spool 

7. Preformed packing * 22. Centering spring 

8. Back-up ring * 23. Preformed packing * 

9. Seal * 24. Sleeve 

10. Back-up ring * 25. Retainer 

11. Outlet section 26. Screw (2( 

12. Nut (4) 27. Preformed packing * 

13. Stud (41 28. "C" Washer (2 per spool 

14. Ball 

* Included in seal kit. 
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Section VIS. CRANE STABILIZERS 



3-21. General 

Two methods of stabilizing the crane are employed. 
The first method utilizes two hydraulic cylinders 
which lock the carrier frame to the rear axle and 
assures maximum rigidity between the crane and 
carrier. The second method employes four 
outrigger arms, hydraulically actuated, for 
utilization in stabilizing the cfrane and carrier when 
lifting heavy loads with extended boom; or 
operating on sloping terrain and under adverse 
conditions. 
3-22. Hydraulic Stabilizing Cylinder 

a. Removal. Remove the stabilizing cylinder. 
(Refer to TM 5-3810-290-12). 

6. Disassembly. 

(1) Unscrew the head (6, fig. 3-18) from the 
body (2). Remove and discard the packing (5 and 
T) and wiper (8). 

(2) Withdraw the piston and rod (4). 

(3) Remove and discard the packing (3). 

c. Cleaning. Inspection, and Repair. 

(] I Clean all parts with an approved cleaning 
solvent. Dry thoroughly. 

(2) Inspect the bore of the cylinder (2) and 
the piston rod (4) for scoring. Remove fine scoring 
marks with a lapping stone or fine crocus cloth. 
Replace deeply scored parts. 

d. Assembly. 

Ill Install new preformed packing (3) on 
piston (4). 

12) Lubricate all surfaces lightly with clean 
hydraulic fluid. 

(3) Replace piston and rod (4) in body (2). 
(41 Install new preformed packing (5 and 7) 

nd wiper 18) in head (6). 

(5 1 Install head in body (2) and tighten 
_> ecu rely. 

e. Installation. Refer toTM 5-3810-290-12 and 
install the cylinder on the crane in the reverse order 
of removal. 



Key to figure 3- IK. 

1. Capscrew 14 I 

2. Body 

1'reformed packing (2! 

Piston and rod 

Preformed packing 

Head 

Preformed packing 

Wiper 

Nut 141 




10. Lockwasher 1 41 
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Figure 3-18. Hydraulic stabilizing cylinder, exploded view. 
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3-23. Outrigger Arms 

There are four outrigger arms, eacli hydraulically 
and independently controlled to stabilize the crane 
platform under a relatively wide area of operation 
deviating from a true horizontal position. 

a. Removal and disassembly. Refer to TM 5- 
3810-290-12 and remove and disassemble the 
outrigger arms. 

b. Repair. 

(1) Replace defective parts. 

(2) Replace pad if extremely wobbly. 

(3) Replace micro-switch if defective. 

( 4 ) W eld arms ifithas cracks or broken arms. 

c. Assembly and installation. Refer to TM 5- 
3810-290-12 and assemble and install outrigger 
arms. 

3-24. Outrigger Arm Cylinder 

a. Removal. Remove the outrigger cylinder. 
(Refer to TM 5-3810-290-12). 

6. Disassembly. 

(}) Remove tube assembly (13, fig. 3-19), 
connector (14), elbow (12), reducer (1 1 ), and pilot 
piston (8). Remove and discard packing (9 and 
10). 

(2) Remove four capscrews (25), and remove 
assembled rod, piston, and head from body (15). 

(3) Remove locknut (16), piston (17), 
packing (31), piston sleeve (33), packing (32) and 
piston follower (30) from rod end. Slide rod (21) 
from head assembly. 

(4) Remove capscrews (22), gland (24), wiper 
(23 ), packings (26 and 29), and bushing (27) from 
head (28). 

(5) Remove plug (34), spring (35), and ball 
(36) from body (15). Discard packing (10). 

c. Cleaning, Inspection, and Repair. 

(1) Clean all parts with an approved cleaning 
solvent. Dry thoroughly. 

(2) Inspect the body, rod, and piston for 
scoring. Remove fine scoring with a lapping stone 
or fine crocus cloth. Replace scored parts. 

d. Assembly. 

(1) Reassemble the piston rod assembly 
components in the reverse order of disassembly. 



(21 Replace all packing and seals with new 
parts. 

(3) Lubricate the piston rod assembly lightly 
with clean hydraulic fluid. 

(4) Install the piston rod assembly in the 
body. Tighten the head (28) securely. 

e. Installation. Refer to TM 5-3810-290-1 2 and 
install the outrigger arm cylinder in reverse of 
removal. 



Key to figure .'?-]<). 
I. Nut 
'2. Lock washer 

3. Pin 

4. Capscrew 
.T. Screw 

6. Plug 

7. Ball 

K. Pilot piston 
'). Packing 

10. Packing 

11. Reducer 

12. Elbow 

13. Tube assembly 

14. Connector 
!">. Body 

16. Locknut 

17. Piston 

Itt. Cotter pin 

19. Pin 

20. Bearing 

21. Rod 

22. Capscrew 

23. Rod wiper 

24. Gland 

25. Capscrew 

26. Packing 

27. Bushing 

28. Head 
2<). Packing 

30. Piston follower 

31. Packing 

32. Packing 

33. Piston sleeve 

34. Plug 

35. Spring 

36. Ball 
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APtER 4 

REPAIR OF ENGINE AND COMPONENTS 



Section I. GENERAL 



4-1 . Genera! 

a. The 6V-53 engine is a 6-cylinder, wet-cylinder 
liner, fuel injected, 2-cycIe, V-type diesel engine. 
The cylinders are numbered one, two, three, right 
and left from the front, or fan end, of the engine. 
The terms "right", "left", "front", and "rear" used 
5n referring to the engine and its components, are as 



viewed from the rear of flywheel end of the engine. 
Engine rotation is clockwise, as viewed from the 
front of fan end of the engine, as shown in figure 4- 
1. Cylinder firing order of the engine is as follows: 
I left, 3 right, 3 left, 2 right, 2 left, and I right as 
shown in figure 4-1. 



REAR VIEW OF ENGINE 
ROTATION DIAGRAM 



BLOWER 
DRIVE GEAR 



CAMSHAFT 
GEAR 



OIL 
COOLER 




CAMSHAFT 
GEAR 



IDLER 
GEAR 



STARTER 



FRONT 




RIGHT_HAND 
1L 




3L 



2R 



LEFT 
BANK 



RIGHT 
BANK 



FIRING ORDER 

Figure 4-1. Engine rotation diagram and firing order. 
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Figure 4-2. Two cycle sequence. 



b. The following and subsequent paragraphs of 
repair instructions are presented from the stand- 
point of having the engine assembly removed from 
the carrier as instructed in paragraph 2-8, and 
mounted on a suitable work stand. Some of the 
engine accessories and sub-assemblies may, 
however, by removed (Sec. III. Chap. 2) with the 



engine assembly still installed in the carrier. The 
accessories and sub-assemblies are so indicated 
their respective, general sub-parapraphs. 

r. Table 4-1. Repair and Replacement Stan 
ards. lists manufacturer's sizes, tolerances, desin 
clearances, and maximum allowable wear ar 
clearances. 



Table 4-1. Repair and Replacement Standards 



Component 


Manufacturers 
dimensions and 
tolerances in inches 


Maximum 
allowable 
wear and 
clearance 


Minimum 


Maximum 


ENGINE 








Cylinder Block 








Cylinder bore 








Diameter (A. fig 4-531 




4.5235 




IB. fig. 4-5.31 




4.4900 




1C & D. Fig 4-531 




4.3595 




Out-of-round 






0.0015 


Taper 






0.0015 


Cvlinder liner counterbore 








Diameter 


4.8200 


4.8350 




Depth 


0.3000 


0.3020 




Main bearing bores 








Inside diameter 


3.751 


3.752 




Top surface of cylinder block 








Flatness-transverse 






0.003 


Flatness-longitudinally 






0.006 


Cylinder liners 








Seal ring surface 








Outside diameter 


4.4850 


4.4860 




Inside diameter 


3.8752 


3.8767 




Oitt-of-rotind 




0.0020 


0.003 


Taper 




0.0010 


0.002 


Cylinder Head 








Flatness-transverse 






0.004 


Flatness-longitudinally 






0.005 


Valve insert counterbores 








Diameter 


1.1590 


1.1600 




Depth 
Water noz/.Ies to surface of head 


0.298 
1/32 


0.302 
Flush 






Recess 






Exhaust Valve Seat Inserts 








Face angle 30 








Seat width 


3/64 


5/64 




Exhaust Valves 








Stem diameter 
Valve head to cylinder head 


0.2480 
Flush 


0.2488 
0.0240 


0.390 


Valve Guides 








Distance below top of head 


0.1900 


0.2200 




Diameter-inside 
Clearance-stem to guide 


0.2505 
0.0017 


0.2515 
0.0035 


0.0050 


Rocker Arms and Shafts 








Rocker shaft diameter 
Rocker arm shaft bushing inside diameter 
Clearance shaft to bushing 


0.8735 
0.8750 
0.0010 


0.8740 
0.8760 
0.0025 


0.0040 


Cam Followers 
Diameter 
Clearance-follower to head 


1.0600 
0.0016 


1.0610 
0.0036 


0.0060 


Cam Follower Rollers and Pins 
Clearance-Pin to bushing 


0.0013 


0.0021 


0.0100 
Ihom I 


Side clearance-roller in follower 
Roller outside diameter 
Roller bushing inside diameter 


0.0150 
0.9020 
0.4390 

a A77J. 


0.0230 
0.9070 
0.4395 
0.4377 


0.0230 


Roller pin outside diameter 


U . *r O * ^ 






* Crankshaft 
Journal diameter-main bearing 


3.4990 
2.7490 


3.5000 
2.7500 




Journal diameter-conn, rod 




0.00025 




Journal out-of-round 




0.0005 


0.0030 


Journal taper 

l^mlk rfimfa]/3a rttttmn >ter 


2.1825 


2.1835 
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Table 4-1. Repair and Replacement Standards Continued 



Component 


Manufacturers 
dimensions and 
tolerances in inches 


Maximum 
allowable 
wear and 
clearance 


Vlinimum 


Maximum 


Crankshaft Continued 








i 


Clearance-bearing to hub 




0.0025 


0.0045 


0.007 


Thrust washer thickness 




0.118 


0.120 




End play 




0.006 


0.013 


0.017 


Crankshaft Timing Gear 










Backlash 




0.003 


0.005 


0.007 


Blower Drive Gear 










Backlash 




0.003 


0.005 


0.007 


Shaft end play 




0.004 


0.006 




Thrust washer thickness 




0.093 


0. 1 03 




Governor Drive Gear 










Backlash 




0.003 


0.005 


0.007 


Runout at journals-total indicator reading 










(mounted on No. 1 & No. 4 journals at No. 2 & No. 3 journals 




0.0020 * 




Thrust washer thickness 




0.120."> 


0.1220 




End thrust clearance (end play) 




0.0040 


0.0! 10 


0.0180 


Tolerance given for guidance when regrinding crankshaft 








Mam Bearings 










Bearing inside dia. (vert, axisl 




3. .1030 


3.5040 




Bearing thickness 90 from parting line 


0.1240 


0.1245 


0.1230 


Clearance-bearing to journal 




0.0025 


0.0057 


0.0070 


Connecting Rods 










Length-center to center 




8.7900 


8.8010 




Lower bore diameter 




3.0015 


3.0025 




Upper bore diameter 




1.6000 


1.6010 




Bushing inside diameter 




1.3760 


1.3765 




Connecting Rod Bearings 










Inside diameter (vert, axis} 




2.7511 


2.7531 




Bearing thickness 90 from parting line 


0.1247 


0.1252 


0.1230 


Clearance-bearing to crankshaft journal 




0.00 10 


0.0046 


0.0060 


Piston 










Diameter at skirt 




3.8693 


3.8715 




Clearance-piston to liner 




0.0037 


0.0074 


0.010 


Out-of-round 






0.0005 




Taper 






0.0005 




Piston pin bushing inside dia. 




1.3775 


1.3780 




Piston Pins 










Diameter 




1.3746 


1.3750 




Clearance-pin to piston bushing 




0.0025 


0.0034 


0.010 


Clearance-pin to rod bushing 




0.0010 


0.0019 


0.010 


Piston Rings 










Compression rings 










Gap 




0.0200 


0.0460 


0.060 


Clearance-ring to groove 










Top (No. 1) Tapered face 




0.0030 


0.0060 


0.016 


No. 2 




0.0070 


0.0100 


0.014 


No. 3 and 4 




0.0050 


0.0080 


0.013 


Oil rings 










Gap 




0.0100 


0.0250 


0.044 


Clearance-ring to groove 




0.0015 


0.0055 


0.008 


Camshaft 










Shaft diameter at bearing 




2.1820 


2.1825 




Runout at center bearing (When mounted 


on end bearing) 




0.002 




Thrust washer thickness 




0.208 


0.210 




End thrust 




0.008 


0.015 


0.019 


Balance Shaft 










Shaft diameter at bearings 




2.1820 


2.1825 




Thrust washer thickness 




0.208 


0.210 




End thrust 




0.008 


0.015 


0.019 



Component 








Manufacturers 


Maximum 




dimensions and 


allowable 




tolerances in inches 


wear and 




Minimum 


Maximum 


clearance 


Camshaft and Balance Shaft Bearings 








Bearing iiside diameter 


2.187 


2.188 




Clearance-bearing (to shaft 


0.0045 


0.006 


0.008 


Camshaft and Bal&nce Shaft Gears 








Backlash 


0.003 


0.005 


0.007 


Idler Gear 








Backlash 


0.003 


0.005 


0.007 


Bearing inside diameter 


2.186 


2.187 





GENERAL 



NOTE 

Recommended maximum allowable wear and 
clearances specified below are generally applicable 
to other major components of the crane unless 
exception is noted in the text dealing with the 
respective assembly. 



Total Radial Clearance 
Bearings 
Bushings 
End play-shafts 



0.0025 
0.0035 
0.0250 



Tolerances given for guidance when regrinding crankshaft. 



4-2. Engine Systems 

a. Fuel System. The fuel system (fig. 4-3) 
consists of a fuel pump, strainer, filter, injectors, 
and related fuel lines. A restricted fitting is located 
in the cylinder head fuel return outlet to maintain 
pressure within the fuel system. The fuel pump 
draws fuel from the tanks through the strainer, and 
forces it under pressure through the filter. From the 
filter, the fuel is forced through the fuel inlet 



passage in the cylinder head and fuel lines to the 
injectors. The fuel passes through a filter element 
within the injector to a chamber where it is 
metered, displaced, and atomized through the fuel 
injector spray tip into the combustion chamber. 
Excess fuel not required for engine operation is 
circulated through the injectors and fuel return 
lines as a coolant, and returned to the fuel tank. 
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Figure 4-3. Fue/ system. 



t>. Lubrication System. The lubrication system 
(fig. 4-4) consists of an oil intake screen and tube 
assembly, oil pump, pressure regulator, oil filter, 
by-pass valve, and oil cooler. The rotor-type oil 
pump is bolted to the back of the engine lower front 
cover and is driven directly by the crankshaft. 
Lubricating oil from the pump passes from the 
lower front cover through short gallery passages in 
the cylinder block to the oil filter adapter plate. 
From the adapter plate, the oil flows through the oil 



filter, then through the oil cooler, and back into th 
front engine cover and cylinder block oil gallerie 
from distribution to the various engine bearing! 
The drain from the cylinder head and other engin 
parts leads back to the oil pan. Clean engine oil i 
assured by the use of a replaceable element typ 
filter. Should the filter become plugged, the oil wi 
flow through a by-pass valve in the adapter plal 
directly to the oil cooler. If the oil cooler beconn 
clogged, the oil will flow directly through a bypas 
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galleries. Stabilized oil pressure is maintained at all 



speeds Dy means oi a regulator valve located 
in the lower front cover. 
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Figure 4-4. Lubrication system. 



c. Cooling System. 

(1) The engine cooling system (fig. 4-5) in- 
cludes a water pump, oil cooler water jacket, 
thermostat housing, water manifold, by-pass line, 
and cylinder block water jacket. A radiator and fan 
are used in the cooling system of the crane. 

(2) The coolant is drawn from the radiator by 
the water pump and circulated through the oil 
cooler, cylinder block, and cylinder heads to the 
thermostat housing. During the warm-up period, 
when the coolant temperature is below normal, the 
thermostat blocks the flow of coolant to the 
radiator. During this period, the pump circulates 



the coolant through the by-pass system to the 
cylinder block and heads. As the coolant rises above 
normal, the thermostat opens and the coolant is 
circulated through the radiator. 

d. Crankcase Ventilation System. The crankcase 
ventilation system consists of a breather tube 
assembly, collector, and crankcase vapor passages. 
Vapors formed within the engine are removed from 
the crankcase, gear train, and valve compartment 
by a continuous, automatic ventilation system. A 
slight pressure is maintained in the engine crank- 
case bv the seepage of a small amount of air from 
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the air box past the piston rings. This air sweeps up 
through the engine and is drawn off through the 
breather tube and collector. 
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Figure 4-5. Cooling system. 



e. Air Induction System. The air induction 
system (fig. 4-6) consists of an air cleaner, blower, 
cylinder block air chamber, cylinder line intake 
ports, and exhaust valve ports. In the scavenging 
process employed in the 6V-53 diesel engine, a 
charge of air is forced into the cylinders by the 



ui 



ii ________ LI _ 



gases through the exhaust valve ports. This air 
helps to cool the external engine parts, particu 
the exhaust valves. At the beginning of the 
pression stroke, each cylinder is filled with f 
clean air which provides for efficient combus 
For description, data, and service operation o 
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Section If. RAD8ATOR ASSEMBLY 



4-3. General 

The radiator assembly consists of a top tank, 
radiator core, and bottom tank. The bottom tank 
has a separate cooling coil, which is used for cooling 
of the transmission fluid. The radiator assembly is 
connected to the thermostat housings engine oil 
cooler by hoses and clamps and is supported by 
brackets bolted to the carrier main frame (fig. 4-7). 

4-4. Radiator Assembly 

a. Removal. Remove the radiator assembly 
(Refer to TM 5-3810-290-121. 

b. Disassembly. 

( 1 ) Remove screw ( 15, fig. 4-7 ), retainer clips 
(14) and hose (13) from radiator top tank assembly 
(8). 

(2) Remove radiator cap (91 and preformed 
packing (10). 

(3) Remove capscrews (11). lockwashers 
(12), nuts (16), and remove top tank assembly and 
gasket (22). 

(4) Remove bolts (30), Jockwashers (12), and 
nuts (16), and remove bottom tank assembly (23) 
and gasket (22). 

(5) Remove pipe elbow (25) from bottom 
tank. 



c. Cleaning, Inspection, and Repair. 

(1) Flush the radiator core passages with an 
approved radiator cleaning solvent. 

(2) Inspect the core for bent fins, straighten 
where possible. 

(3) Plug all tube and hose connecting points 
of radiator except one. At the opening attach an air 
supply of 10 p.s.i. 

CAUTION 

Do not use an air pressure greater than 
10 p.s.i. as it may damage the radiator 
core. 

(4) Immerse the radiator in a vat of water and 
watch for air bubbles. Should they appear, mark 
the point of origin. 

(5) Dry the radiator thoroughly, and if 
possible solder all leaks carefully. Use ? minimum 
amount of solder and do not permit solder to leak 
into the radiator core. 

(61 Repaint the radiator core. A thin coat of 
dull black radiator paint is desirable. Ordinary oil 
paints with glossy finishes do not transmit heat as 

well. 

(7) Replace a top tank, bottom tank or core 
assemblv that is damaged beyond repair. 
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NOTE 

No blocked core tubes are allowed. 

d. Assembly. Assemble the radiator in reverse 
order of disassembly. 

e. Installation. Refer to TM 5-381U-29U-12 and 
install the radiator assembly on the carrier. 



Key to figure 4-7. 

1. Elbow 12), water 

2. Clamp 181, hose 

3. Hose 121, rubber 

4. L. H. Support 

5. Hose, rubber 

(). Clamp 121, hose 

7. Adapter, hose 

8. Tank assembly, top 
( ). Cap. radiator 

10. Packing, preformed 

11. Screw, cap (191, hx. hd 

12. Lockwasher <T2> 

13. Hose, rubber 

14. Clip, retainer 12) 

15. Screw, machine 121 

Jo. Nut. plain, hexagon 153) 

17. Side assembly, LH 

18. Screw, cap. hex hd 181 
1 ( ). Bracket: Radiator mtg R; 

20. Lockwasher (81 

21. Nut. plain, hex 181 

22. Gasket, tank (2) 

23. Tank assembly, bottom 

24. Draincock 

25. Elbow, pipe (2) 

26. Clamp, hose (2) 

27. Hose, rubber 

28. Screw, cap 161 
2<). Shroud, radiator 

30. Bolt, machine 1531 

31. Side assembly, RH 

32. Clamp, hose (21 

33. Hose, rubber 

34. Hose, rubber 
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Figure 4-7. Radiator assembly and shroud, exoloded view. 
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Section Mi. FAN ASSEMBLY 



4-5. General 

&. The engine cooling fan is driven by a pair of 
V-drive belts from the crankshaft pulley. The fan is 



bolted to a hub extension, which in turn, is bolted t 
a combination fan hub and pulley which turns 01 
two tapered roller bearings. 




1. Capscrew (6) 

2. Lockwasher (6) 

3. Blade assembly 

4. Nut (6) 

5. Capscrew (6) 
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9. Bolt 

10. Washer 

11. Bearing 

12. Shims 

13. Retainer 



17. Seal 

18. Support 

19. Lockwasher (2) 

20. Bolt (2) 

21. Rrnrlcet 
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24. Capscrew (41 

25. Lockwasher <4| 

26. Washer (4) 

27. Shaft 

28. Rolt 



hub, are pressure lubricated prior to assembly and 
the cavity between the bearings is packed ap- 
proximately 1/4 full of grease at the time the hub is 

assembled. Also, the fan hub cap is packed ap- 
proximately % full of grease. No further 
lubrication is required until the fan hub assembly is 
overhauled. The hub cap at the front and a seal at 
the rear of the hub prevents leakage of the 
lubricant. 

c. The fan assembly may be removed, (para 4- 
6 a} without removal of the engine assembly. If the 
fan assembly has been so removed, omit paragraph 
4-6 a below. 



a. Removal. 

(1) Remove capscrews (1, fig. 4-81, lock- 
washers (2), nuts (4), and blade assembly (3). 

(2) Remove fan belts (refer to TM 5-3810- 
290-121. 

(3) Remove four capscrews (24), lockwashers 
(251, washers 126), nuts (29), and fan hub 
assembly from bracken. (21). 

(4) Remove four capscrews (23), lockwashers 
(22), and bracket (21). 

(5) Remove four capscrews (20), lockwashers 
(19), and support (18) from front of engine 
assembly. 

(6) Remove nut (29), washer (26), capscrew 
(24), and bracket support (30) from front of engine 
assembly. 

b. Disassembly. 

(1) Remove six capscrews (5), lockwashers 
(6), and hub extension (7). 

(2) Remove the cap (8). Remove the bolt (9) 
and washer (10). 

(3) Tap the shaft (27) with a soft hammer and 
withdraw the shaft from the pulley and hub 
assembly (15). 

(4) Remove the oil seal (17), bearing (16), 
bearing (11), shims (12), retainer (13), and spacer 
(14). 

c. Cleaning, Inspection, and Rep&ir. 

(\} Clean the blade assembly and fan hub 
parts with an approved cleaning solvent. Dry with 
compressed air. 

(2} Inspect the V -belts for cracks and signs of 
excessive wear. Replace as required. 
CAUTION 

Always replace the V -bells as a set. 

(3) Inspect the fan and crankshaft pulleys for 



ana excessive wear. Kemove any rough or 
rust spots with crocus cloth. Replace the pulley (s) 
as required. 

(4) Inspect the blade assembly for cracks or 
bent blades, it Dlades are uadly bent, repsace the 
assembly. Do not attempt to straighten. 

(5) Hold the inner race of the bearings and 
rotate the outer race slowly by hand. If rough or 
tight spots are detected, replace the bearing. 

d. Assembly. 

(1) Apply a good grade of GAA grease to the 
rollers of both bearings before installing them in the 
pulley (15). 

(2) Install the inner bearing (16) with the 
protruding face of the inner race facing outward 
from the hub. 

(3) Install & new oil seal (17) with the feh-side 
flush with the outer edge of the hub. 

(4) Place the hub over the shaft (27) and 
install the bearing spacer (14). 

(5) Pack the cavity approximately 14 full wit! 
all purpose grease and install the grease retainei 
(13). 

1 6) Place the shims (12) against the bearing 
spacer. Then, install the outer bearing (11 ) with the 
protruding face of the inner race facing outward 
from the hub. 

(7) Secure the hub with the retaining washer 
(10) and bolt (9). Tighten the bolt to 83-93 pound- 
feet torque while rotating the pulley. 

(8) Check the end play in the assembly with 
the shaft in a horizontal position. The end play 
must be within 0.001 to 0.006 inch. If necessary. 
remove the bolt, washer, and outer bearing and 
adjust the number and thickness of shims to obtain 
the required end play. Shims are available in 0.015, 
0.020, and 0.025 thickness. Then reassemble the 
fan hub and check the end play. 

(9) Fill a new fan hub cap % full of grease 
and install it in the end of the fan hub (pulley). 

(10) Install the hub and shaft assembly on the 
bracket (21), attach with bolts (24) and washers 
(25 and 26). Do not tighten the bolts. 

(11) Install the hub extension (7) on the hub 
and pulley assembly. Secure with bolts (5) and 
lockwashers (6). 

e. Installation. 

(1) Install the fan assembly on the engine in 
reverse order of removal. 

(2) Adjust fan belt tension. 
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Section IV. WATER PUMP AND IDLER PULLEY ASSEMBLIES 



4-7. General 

a. The water pump is a centrifugal-type (im- 
peller) pump, mounted on top of the oil cooler 
housing and is belt driven by the left cam-shaft 
balance weight pulley. The sealed water pump 
shaft ball bearing is filled with lubricant when 
assembled and no further lubrication is required. 
Coolant is prevented from creeping along the shaft 
toward the bearing by a seal. The coolant is drawn 
from the radiator by the pump and circulated 
through the engine oil cooler, cylinder block, 
cylinder head, thermostat housing and back to the 
radiator. A portion of the coolant is diverted from 
the thermostat housing and passes through the 
engine coolant filter and returned to the water 
pump. 

b. The water pump idler pulley assembly is 
mounted on the upper engine front cover, and 
provides a means of adjusting the water pump drive 
belts tension. 

4-8. Water Pump 

a. Removal, Remove the water pump as in- 
structed in TM 5-3810-290-12. 

b. Disassembly. 

(1) Match mark pulley and shaft assembly. 
Remove pulley (14, fig. 4-9) with a suitable puller. 

(2) Remove seven bolts with assembled 
washers (1). Remove cover (2) and gasket (3). 
Discard gasket. 

(3) Press out shaft assembly (6), seal (5), and 
impeller (4) from body (13). 

CAUTION 

Use adapter to apply pressure on 
bearing outer race. Do not press on end 
of pump shaft. 

(4) Press end of shaft assembly (6) out of 
impeller (4). Remove seal (5) from pump shaft. 
Discard seal. 

c. Cleaning, Inspection, and Repair. 

(1) Clean all parts with an approved cleaning 
solvent except the shaft assembly. Dry with 
compressed air. 



NOTE 

A permanently lubricated and sealed bearing is 
used in the shaft assembly and is not to be washed. 
Wipe the bearing and shaft assembly with a clean 
lint-free cloth. 

(2) Inspect impeller for damage and excessiv' 
wear on impeller face which contacts seal. Replad 
impeller if worn or damaged. 

NOTE 

The clearance between the inner edge of the 
impeller and the pump body should be 0.010 
0.022 inch. 

(3) Rotate shaft bearing slowly by hand. I 
rough or tight spots are detected, replace shal 
assembly. 

NOTE 

A replacement kit containing those items denoted 
by an asterisk ( *) in figure 4- ( ) is available for 
repair and overhaul of the water pump. 

d. Assembly. 

<] ) Press shaft assembly (6) into pump bod 
(13) until outer race of bearing is flush with outf 
face of pump body. Apply pressure on outc 
bearing race only. 

(2) Lightly coat outside diameter of new so 
(5) with seal compound. Install seal in pump bod 
by applying pressure on seal outer flange. Press i 
until flange contacts pump body. 

(3) Support pulley end of shaft and pres 
impeller (4) on shaft until impeller is flush wit 
pump body. 

(4) Place pulley (14) on bed of arbor pre< 
and press shaft into pulley until pulley is in il 
original position on shaft. 

(5) Install cover (2) and new gasket (3) an 
secure with seven bolts and assembled washers (1 
Tighten the bolts to 6-7 pound-feet. 

(6) Run the assembled pump dry at 120 
revolutions per minute for one minute to insut 
satisfactory seating of the seal. 

e. Installation. Install the pump on the engine i 
the reverse order of removal. 
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1. Bolt (7) 

2. Cover 

3. Gasket * 

4. Impeller * 

5. Seal * 

6. Shaft * 

7. Pipe plug 

8. Nipple 

9. Nipple 

10. Tee 

11. Nipple 

12. Bushing 

13. Body 

14. Pulley 

15. Gasket * 

16. Lockwasher (4) 

17. Bolt (4) 

* Component* available m repair kit. 
Figure 4-9. Water pump, exploded view. 



4-9. Water Pump Idler Pulley Assembly 

a. Removal, Remove the idler pulley assembly 
(refer to TM 5-3810-290-12). 

NOTE 
The pulley assembly includes the pulley adjusting 



bracket, and shaft and bearing assembly which 
are not serviced separately. 

b. Disassembly. 

(1) Support the pulley in an arbor press, and 
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press out the shaft and bearing assembly and 
bracket by applying pressure on outer race of 
bearing. 

(2) Support the bracket and remove the shaft 
and bearing assembly by pressing on shaft only, 
c. Cleaning, Inspection, and Repair. 

(}} Clean the bracket, pulley, and hardware 
with an approved cleaning solvent. Dry thoroughly 
with compressed air. 

CAUTION 

Do not immerse the shaft and bearing 
assembly in any cleaning solvent. 
(2) Inspect the pulley and bracket for ex- 
cessive wear or cracks. Replace idler pulley 
assembly as required. 



13) Revolve the shaft in the bearing lov 
hand. If rough or tight spots are detected, r 
idler pulley assembly. 

d. Assembly. 

(1) Press the bearing and shaft assembl 
the pulley by applying pressure on the outer r 
bearing until outer race of bearing is flush 
inside surface of pulley. 

(2) Press shaft and bearing assembly 
pulley into bracket, apply pressure on shafl 
and press in until the distance between the 
edge of the pulley and bracket is 0. !(() inch. 

e. Installation. Refer to TM ">-.'* I <)-2-)U- I 
install the water pump idler pulley assembl 



Section V. ENGINE ALTERNATOR 



4-10. General 

a. The battery-charging circuit consists of an 
ngine-mounted, belt-driven alternator with built-in 
oltage regulator, batteries, and wiring. A reverse 

voltage polarity relay is included in the circuit for 
additional protection. The alternator output is 60 
amperes at 28 volts. Alternating current rec- 
tification is provided by long-life silicon diodes, and 
voltage regulation can be adjusted externally with a 
conventional screwdriver. 

b. Before the alternator is removed for overhaul 
or rebuild, all external circuit elements (e.g., belt 
tension, wiring and terminal connections, and 
condition of battery) should be carefully checked 
for proper performance before assuming that the 
alternator is malfunctioning. 

c. Removal, testing, and installation of reverse 
polarity relay is covered in TM 5-3810-290-12. 

4-11. Alternator 

a. On Vehicle Testing. Before removing the 
alternator for repair or replacement, inspect the 
drive belts, mounting brackets, and wiring harness 
in the following manner: 

(1) Check belts for proper tension, excess 
wear, or the presence of oil or grease which could 
cause them to slip. Check the pulleys for 
discoloration which would indicate overheating due 
to belt slippage. Inspect pulleys for wear which 
could allow belts to bottom in the pulley grooves. 
Replace any worn or defective parts. 

(2) Check mounting brackets and tension 
adjusting arm. Wear or looseness of these parts will 
prevent proper belt adjustment and may result in 
misalignment which will cause premature wear on 



belts, pulleys and bearings. Tighten or replace 
as necessary. 

(3) Inspect all wiring and terminals for 
of wear, looseness or corrosion. Check for \v < 
frayed insulation which could result in sho 
grounds. Clean and tighten all terminal? 
connections. 

(4) Check batteries. Take a specific g 
reading on each cell- Replace batteries whi 
dicale one or more defective 1 cells. 

(5) After the above checks and adjust 
have been performed, an electrical check m 
made. An accurate voltmeter will be requir 

(a) Remove the alternator terminal c< 
expose the "B + " terminal and check the v 
across this terminal and alternator ground ( 
11D). If the vehicle is equipped with a i 
switch, turn this on. Full battery voltage sho 
present. If not voltage is present across the 1 
terminal and ground, an open circuit betwc 
alternator and battery is indicated. This m 
due to loose or broken wiring or possibly a de 
circuit breaker, master switch, or ammeter, 
on the ignition switch and check for battery v 
between ground and the alternator ignition 
Correct any defects before proceeding to th 
test. Full battery voltage must be present 
alternator positive terminal as well as the alto 
ignition terminal when the ignition switch is i 
on. 

(b) Reconnect the voltmeter across U 
terminal and alternator ground (fig. 4-1 ID 
engine should now be started and run at a 
which will maintain approximately 2000 alte 



TM 



ical accessories should now be lurried 
ilternator output is approximately 10 
5 point, the voltage should be 28.0. If 

above or below this reading, it should 
:1 as instructed on figure 4-1 ID). 
ltage by turning screw coun- 

Be sure lo replace the plug after 
nave been made to keep out the dirt 
a . When vehicles are operating in 
^re extremely high temperatures are 

it may be necessary to reduce the 

event battery damage. Under these 
Itage should be reduced to a point 
?s remain charged but do not overheat 

ive amounts of water. 

1 1. 

ove the engine hood top panel (refer 

0-290-12).' 

onne.ct alternator electrical load from 

ly relay (refer to TM 5-3810-290-12). 

ove alternator drive belts (refer to 

-.90-12). 

ove alternator adjusting bolt and two 

ts (refer to TM 5-3810-290-12). 

alternator from engine assembly. 

nbly. 

ove pulley nut, guard washer, and 

n'table puller. 

NOTE 

ley in vise with protective jaws when 
int. 

ove key and pulley spacer. 

ove the six socket head screws (38, 

ove drive end housing (29), regulator 
), and packing (23). 
ove the four screws (53) and 
nbly (25) from the drive end housing 

NOTE 

or also serves as a bearing retainer and 
moved when replacing the drive end 
)l. 

)ve the bearing (26), packing (27), 
8) from the drive end housing (29). 
>ve the two screws (22), guard 
and lockwashers (14) which secure 
Ider (20). and remove the brush 



holder. Remove the brushes (56) from the holder. 

(8) Remove the screw (50), washer (49), and 
sleeve (48), from rotor shaft (41). Remove fan 
(47), and key (51 * from shaft. 

(9) Remove the six screws (52), and pull the 
end housing (45), and rotor assembly from the 
intermediate housing assembly (10). 

(10) Remove the end housing (45) from the 
rotor shaft. Remove the bearing (44). 

NOTE 

The bearing may remain on the rotor shaft or in 
the housing. Removal procedure will be controlled 
by its location. 

(11) Press the seal (39) out of the in- 
termediate housing (10). 

NOTE 
Replace with new .seal when assembling. 

(12) Further disassembly of the unit is not 
required unless tests listed in paragraph e below 
indicate a defective component. 

d. Cleaning, Inspection, and Repair. 

(1 ( Clean all parts with an approved cleaning 
solvent. Dry thoroughly with low-pressure com- 
pressed air. 

NOTE 

Ho not immerse electrical components in solvent. 

Wipe as clean as possible with dampened cloth. 

(2) Inspect bearings (26 and 44) for wear. If 
total radial clearance of either exceeds 0.003 
0.005 inch, replace the bearing(s). 

e. Testing. 

( 1 ) Slide the three insulating sleeves away 
from the splices and unsolder the connections to the 
stator leads. 

(2) Connect a series test light between each 
stator lead and the core. Lighting of the test lamp 
indicates a grounded coil which will necessitate the 
replacement of the stator. 

(3) Connect the test lamp between each stator 
lead for a continuity check. An open circuit will 
require replacement of the stator. 

(4) 'The positive heat sink is insulated from 
the housing. A continuity check with test lamp or 
ohmmeter will indicate the need for replacing 
insulators and bushings. 
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RECTIFIER CELL POLARITY MARKINGS 
Positive Terminal Post 

Cells Used in Positions 

^4-5-6 Have Symbol Stamped 
as Shown. The Symbol or 
Arrow Marking Always 
Points to the Positive 
Side of the Rectifier. 

NEGATIVE CASE 
* Negative Terminal Post 
Ceils Used in Positions 
1-2-3 Have Symbol Stamped 
as Shown. The Symbol or 
Arrow Marking Always 
Points to the Positive 
Side of the Rectifier. 

POSITIVE CASE 
CAUTION: DO NOT USE COLOR CODING 

TO DETERMINE POLARITY 



VARIABLE 
RESISTOR 




CHECK 

POINT 1 



B 



VOLTMETER 



NOTE: 



V 



IMPORTANT 

Before Assembling Lip 
Seal, Cavity to be 
Filled 40 to 50% With 



PIPE PLUG 



IGNITION 




(5) The negative heat sink is grounded to the 
housing through its mourning screws. AH con- 
nections must be clean and secure. 

(6) Test the positive diodes (A, fig. 4-11) by 
connecting the negative lead of ao ohmmeter to 
checkpoint 2 (B, fig. 4-13) ansd the positive lead to 
terminals 1, 2, and 3. A low resistance reading 
should be obtained. Reverse the ohmmeter leads. A 
high resistance reading should be obtained. If a low 
resistance reading is obtained, the diode is short 
circuited and must be replaced. 

(7) Check the diodes air?, the negative heat sink 
by connecting the negative test lead of an ohmmeter 
to check point 1 and touching the positive lead to 
terminals 4, 5, and 6 (B., fig. 4-111. A low reading 
indicates a defective diode and consequent replace- 
ment. 

(8) In case the above electrical components 
check out satisfactorily, replace the voltage 
regulator assembly (25, fig.. 4-10|. 

NOTE 

Do not attempt to repair the voltage regulator 
assembly. 

(9) To replace a defective diode, unsolder the 
lead and remove the rubber sealant from around 
the diode. Unscrew the diode; check the modeling 
surface off the hest sink lor burs or foreign material 
which might prevent the new diode from seating 
properly. 

CAUTION 

Observe the correct polarity when 
replacing diodes* Otherwise, serious 
damage wil! result. Reference A, figure 
4-11. 

(10) Insert the new diode and tighten to a 



9O 



tll 



ftfl 



(11) When n 
assembly, unsolder 
close as possible on 
housing (10, fig. 
assembly (42) from 

(12) Carefully 
which seals the thre< 
the new stator assera 
the fiber insulator a; 
the leads with new 

(13) Test th 
grounding. An ohi 
collector rings shou 
reading does not fa' 
coil is defective. Co 
collector ring and ti 
defective rotor coil, 

/. Assembly. 

(1) Assemble 
order of disassembly 
when inserting the 
stator and intermed 
the collector rings 

(2) Press the r 
on the rotor shaft. I 
alinement of the si 
(25) with the conn 

Before assemt 
illustrated (C, 

(3) Install the 
Install the guard w; 
pulley nut. Torque 

g. Installation. 
reverse order of r< 
tension (refer to T 
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(2) Loosen clamp between flexible pipe and 
exhaust manifold (5, fig. 4-23). 

(3) Remove exhaust manifold (para 4-25). 

CAUTION 

Remove battery cables before removal 
of ^loctrica! leads. 

14) Tag and disconnect all electrical leads to 
the starting motor and solenoid. 

(5) Remove three capscrews and washers that 



secure starting motor 
12). 

(6) Slide the star I 

to clear both the air < 

housing. 

(7) Lift starting 
opening provided by i 
and left bottom hood 




NOTE: TAG AND DISCONNECT AL 

ELECTRICAL LEADS. 




\\ 

REMOVE SCREWS (4) AND 
STARTER SOLENOID 



lever housing (32, fig. 4-13)., and drive housing 
(281 so that parts may be properly oriented during 
assembly. 

(2) Remove six socket head capscrews (26, 
and 27, fig. 4-13) and pull drive housing (28) from 
starter. Remove and discard gasket (30). 

(3) Loosen terminal screw on solenoid relay 
terminal. Remove nut (46, fig. 4-13), lockwasher 
(47), and terminal and lead (1, fig. 4-13). 

(4) Remove four screws (39), two inspection 
covers (38), and discard gaskets (40). 

(5) From each inspection opening, remove one 
screw (62, fig. 4-13) and lockwasher 164) that 
attaches the field coi! lead as well as a brush. Mark 
the two holes for identification upon assembly of 
the starter. 

(6) Remove four screws (42, fig. 4-13) and 
lock washers (41), and pry the commutator end 
plate and brush holder assembly (fig. 4-13) loose 
from the frame. 

(7) Before further disassembly, test brush 
spring tension (65) using a suitable spring scale. 
Tension must not be less than 80 ounces. 

(8) Remove the six remaining screws (62) and 
lockwashers (64), and remove eight brushes 163). 

(9) Remove nut (48), lockwasher (47), and 
washer (49) from terminal stud. 

(10) Remove three screws (72), lockwashers 
(73), and washers (74), and separate end frame 
(52) from commutator plate assembly (54). 
Remove two insulating washers (53) from terminal 
stud. 

(11) Remove insulator (50) and bushing (51) 
from end frame only if replacement is necessary. 

(12) Remove two grounded brush holder 
screws (68), screws (69), lockwashers (70), and 



lever (19). Turn nu 
plunger and spring 

(20) Remove 
retainer (16), sprir 
boot (13), and was 

(21) Remove i 
shaft (23) from leve 
preformed packing! 
lever (19). 

(22) Remove 
Remove four screw 
solenoid switch froi 

(23) Pull arma 
of frame. Remove s 
armature shaft and \ 
end. 

Do not remove fi< 
Ipara c below I ir 

(24) Remove 
sulating washers (5 

(25) Using a so 
attachment, remove 

A press ram may '. 
wrench and drive 

(26) Remove f 
(44) and insulator; 
bushing (4). 

Take care not I 

or scratch coi. 

c. Cleaning, In si 

( I ) Clean soien 

and frame with a c 

cleaning solvent. D 
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ing, or rough spots with fine crocus cloth 
ed in dry-cleaning solvent. Replace a drive 
:h assembly that has a defective pinion gear, 
ked or otherwise damaged parts, or inside 
leter of drive clutch bushings exceeds the limit. 

NOTE 

A new drive clutch bushing measures 0.6240 
0.6250 inch inside diameter. 

(8) Inspect shift lever housing (32, fig. 4-13) 
cracks, warpage, scoring, burs, and nicks on 
ihined surfaces. Smooth scoring, burs, and 
or nicks with fine crocus cloth dipped in 
cleaning solvent. Replace a housing that is 
:ked, warped or badly damaged. 

(9) Check inside diameter of lever housing 
liing. If diameter is greater than 0.8355 inch, 
ace bushing. A new bushing measures 0.8335- 
555 inch inside diameter. 

(10) Inspect shift lever (19, fig. 4-13) for 
:ks or distortion. Diameter of shaft bore must 
exceed 0.5120 inch, (0.5100-0.5120 inch when 
). Replace a damaged shift Sever or one with a 
? diameter greater than 0.5120 inch. 
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KEY to figure 4-13 (sheet 2 of 2) 

46. Nut 

47. Lockwasher (2) 

48. Nut 

49. Washer 

50. Insulator 

51. Bushing 

52. End frame 

53. Washer (2) 

54. Commutator plate assy 

55. Plate 

56. Insulator plate 

57. Plate and stud 

58. Bushing (8) 

59. Insulator (2> 

60. Plate 

61. Plate (2) 

62. Screw (81 

63. Brush (81 

64. Washer 18) 

65. Spring 18 ) 

66. Screw 12) 

67. Screw ( 2 ) 

68. Screw (2) 

69. Screw (2) 

70. Lockwasher (8) 

71. Brush holder (4) 

72. Screw 13) 

73. Lockwasher (31 

74. Washer (3) 



(11) Inspect spring (15) for cracked or broken 
condition. Approximate free length of spring should 
be 2.7920 inches; a compression force of 13.5 
14.5 pounds should compress spring to a length of 
1 .560 inches. Replace a spring that is broken, 
cracked, or fails to meet above requirements. 

(12) Check diameter of shaft (23). Replace 
shaft if diameter is less than 0.4980 inch. A new 
shaft measures 0.4980 0.5000 inch in diameter. 



I I X I 1 rri c r\ 



r *~ii mn\ mm t 1 t 



I ^ / il or 



(17) Inspect tri 
spacer (washer) (4! 
Replace parts as req 
that is worn to less t 
a spacer that is w 
thickness. 

A new thrust was 
inch, and a new sp 
inch in thickness. 

(18) Check arr 
worn conditions; re 
one of the conditio 

(a) Diamete 
mutator end worn t 
shaft measures 0.6 

(b) Diamete 
housing shoulder pc 
0.8225 inch. A n 
0.8240 inch at this 

(c) Diameter 
that is worn to less 
measures 0.6220 

(d) Diamete 
2.1930inches. A ne 
2.3180 inches at th 

(e) Check c 
condition, a manu 
limit of 0.0020 inc 

(19) Inspect ai 
light by placing on 
and the other test j 
testlight glows, the 
be replaced. 

(20) Inspect ar 
ivtiirp TVf 
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(c) If commutator is turned down to a 
diameter of 2.1930 inches and is still un- 
satisfactory, replace armature. 

(d) After resurfacing the insulation (mica) 
between the commutator bars must be undercut to 
a depth of 0.025 0.032 inch below surface of 
commutator. 

NOTE 

Use care in undercutting. Do not widen com- 
mutator slots by removing metal from bars and do 
not leave a thin edge of mica next to bars. 

(e) After undercutting mica, remove all 
copper and mica particles with compressed air. 
Polish commutator with no. 00 sandpaper while 
rotating in a lath of 1 500 revolutions per minute. 

122) Inspect starter frame for cracks, 
distortion, or stripped threads. Replace a defective 
frame. 

(23) Check field coils for ground by attaching 
one lead of a test lamp to the starter frame and the 
other lead to a coil connector. If the test Samp 
glows, the coil is grounded and should be replaced. 

(24) Check for open coil by connecting test 
Samp leads to ends of field coils. If lamp does not 
Sight, the fieSd coiS is open and must be replaced. 

d. Assembly. 

(1) Install bushing (4, fig. 4-13) on field coil 
(44) terminal stud and position field coil in frame. 
Secure terminal stud with two insulating washers 
(SL washer (6). and nut (7). 

(2) Position two insulators (35) between field 
coil and frame. 

(3) Position eacn ot the poie snoes (37) on coil 
inside frame. Aline mating holes and secure with 
pole shoe screws (36). 

NOTE 



plunger sh 

shift lever 

noni 

not tighten 

(IDS 
down ) and 
with plung 

Make sure 
solenoid sw 
until seatec 

(12) I] 
in lever ho 

1 1 m ay 

engage 

(13) 5 

cap screws 
U 4 1 F 

(56), and 
pointed in 
bushings (, r 
and stud ( 

( 1 5 ) F 
two brush 
secure will 
each. 

(16) I 
(70) on ea 
hole of bn 

(17) 

holders (7J 
(57) and ; 
washer (7( 

(18)1 
(70) on ea 
holp- of hri 



(22) Position thrust washer (2, fig. 4-13) on mature, commutat< 

miitator end of armature (3) shaft and install brushes, as a unit, i 

rnutator end plate and brush holder assembly (para 4-13 6 (1 )) on 

armature shaft. with four screws (4 
23) Raise springs (65, fig. 4-13) and install (25) Aline hole* 

t brushes (63). Secure six of the brush leads and brush holders 

". screws (62) and lockwashers (64), omitting secure with two sci 

-h lead connection for two brushes that will washers (64). 
:ectto field coils as marked during disassembly (26) Position 

-a 4-13 b (5)). covers (38), and se 
24) Install washer (45, fig. 4-13) on splined 
of armature shaft and install assembled ar- 
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JUMPER 
A. CIRCUIT FOR CHECKING PINION CLEARANCE 




AMMETER 



SWITCH 



groove of drive housing (28). Slide drive housing 
over drive clutch (29) and aline scribe marks on 
drive housing and lever housing. 

(29) Install screw (26) in blind tapped hole. 
Install five screws (27) in remaining holes of drive 
housing. Torque all six screws to 13-17 pound-feet. 
e. Adjustment. 

( 1 ) Break all external connections between 
solenoid switch and starter. 

(2) Remove inspection plug (22, fig. 4-13) 
and Basket (21 ). 

< 3 ) Connect starter motor to battery as shown 
in figure 4- 14- A. 

(4) Momentarily flash jumper cable (fig. 4- 
I 4A I. The pinion will now shift into cranking 
position and remain so until battery is discon- 
nected . 

(5) Adjust pinion clearance as instructed on 
figure 4-1 4B. 

/. Wo-Load Test. 

( I ) Provide test hook-up for starter as shown 
in figure 4-1 4C. 

(2) Adjust carbon pile to provide a voltage 
residing of 23 volts. 

(3) Armature speed should be 7000 rpm 
minimum, 10,700 rpm maximum. Current draw 
must he 60 amperes minimurn and 90 amperes 
maximum. 

(4) Low free speed and high current draw 
indicate : 

(a) Too much friction tight, dirty, or 
worn hearings, bent armature shaft or loose pole 
shoes allowing armature to drag. 

(b) Shorted armature. This can be checked 
with growler (para 4-1 3 c (20)) after disassembly. 



(c) Groi) 
for grounds (f 
disassembly. 

(5) Failure 
indicates : 

(a) A di: 

(b) Froz 

(6) Failure 
indicates : 

(a) Oper 
connections and 
4-13c(24)l. 

(b) Oper 
commutator f 
disassembly. 

(c) Poor 

commutator. Ch 
brushes, high in 

(7) Low nc 
indicates a higl 
connections, def 
causes listed in 

(8) High f: 

indicate shorted 
repeat test. 
g. Installatio 

reverse order of 
137 147 poun 

Use care ii 

manifolds, 
jarred or 
installed ar 
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(6) Disconnect two coolant hoses from 
compressor cylinder head. 

(7) Remove two bolts and flat washers that 
secure compressor support bracket to engine upper 
front cover. 

(8) Remove four capscrews, lockwashers, and 
nuts that secure the compressor crankcase to the 
engine mounted base. 

(9) Lift compressor up and forward from 
engine. 

6. Disassembly. 

NOTE 

Before disassembly, the cylinder head, cylinder 
block and crankrase should be marked to 
maintain their relationship upon reassembly. 

(1) Remove two screws and lockwashers that 
secure the governor (fig. 4-15) to the compressor. 
Discard the gasket. 

(2) Unscrew cover (2, fig. 4-151. 

(3) Remove retaining ring (4) and Sift out the 
adjusting screw and spring assembly. 

(4) Remove nut (3), spring seat (5), spring 
(6), two spring seats (7) and spring guide (8) from 
adjusting screw (9). 

(5) Remove exhaust stem (10) and spring ( I ) 
om piston (17). 

(6) Invert the body (13) and tap lightly to 
/emove the piston assembly (17). 

(7) Remove the spring (14), valve (15), and 
preformed packings (16 and 18) from piston (17). 
Discard the preformed packings. 

(8) Remove plugs (11) and filters (12) as 
necessary for cleaning and replacement. 

(9) Remove the locknut (34, fig. 4-16), 
remove the pulley and key (59 ) from the crankshaft 
with suitable puller. 



Be sii re In 

(15) Pus 
tached out the 
the tipper bea 

1161 Use 
the piston rin 

(17) Rer 

press wrist p 
connecting ro 

\\ rist pin 1 
warranted 
paragraph 

(18) Her 

(15), end rov< 
from crank ca 

(19) Pro. 
(28), romovir 

(20) If i 
bushing (35 ) 
and bushing 
(17). 

(21) Rer 
that secure th< 
block. Discar 

(22) Rer 
washers (60), 
head. Heniov 

(23) Dei 
(56 ), spring s 
cylinder blocl 

(24) Lifi 
(54) from the 
applied to the 



one port to the cooling passages. To the remaining 
port apply a source of compressed air. Immerse 
entire cylinder head in water. If a steady stream of 
bubbles is detected, replace cylinder head. 

(3) Assembly discharge valves (47), with new 
springs (48) and new valve caps (3) into cylinder 
head. Valve travel should be between 0.056-0. 070 
inch. Apply 100 pounds of air pressure through 
cylinder head discharge port and apply soapy water 
at the discharge valves and seats. A slight leakage is 
permissable. If leakage is excessive, continue to 
apply air pressure, and with a fiber or hardwood 
dowel and hammer, tap the valves off their seats 
several times. This should help seat the valves, and 
reduce any leakage. If excess leakage continues, the 
valve seats can be dressed by lapping with a 



suitable stone. I 
leakage persists, i 
(47). With air prc 
head, check for I 
(3). No leakage 

(4) Clean cj 
unloader passage 

(5) If inlet 
damage, they can 
or a Sapping stoi 
cessively should 1 

The dimension 

140) to the inle 
0. 1 45 inch nor . 
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Key to figure 4--I6. 

1. Pipe plug 

2. Capscrew 

3. Discharge valve capnui 

4. Cylinder head 

5. Gasket 

6. Gasket 

7. Stud 

8. Nut 

( ). Piston rings 

10. Wrist pin 

11. Piston 

12. Lock wire 

13. Connecting rod 

14. Upper bearing shell 

15. Lockwasher 
1(>. Capscrew 
17. Cover 

1. Pipe plug 
1<). Gasket 

20. Bushing 

21. Thrust washer 

22. Lower bearing shell 

23. Bearing cap 

24. Lockwasher 

25. Bolt 

26. Crankshaft 

27. Thrust washer 

28. Crankcase 

29. Gasket 

30. Cover 

31. Machine screw 

32. Capscrew 

33. Lockwasher 

34. Nut 

35. Bushing 

36. Gasket 

37. Pipe plug 

38. Lockwasher 



(7) Check u 

wear, rust or d 
replaced, run a VQ 
then insert a Y$ in 
bushing straight 

Do not use an 
bore bushings. 

(8) Cylinder 
round by more t 
than 0.003 inch 
oversize. 

Clearance bet\ 
should be 0.001 
available. 

(9) Check ; 
enlarged ring gr< 
scored, cracked, 
Measure each pis 
to its respective c 
clearances given 

(10) Wrist f 
pistons. If wrist 
both should be r 
and connecting n 
check clearance t 
rod bushing. Cle; 
inch. Replace v 
clearance is foun 

Wrist pin bush 
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connecting rod (13) so that the lockwire hole in the 
pin alines with that of the piston. Install new lock- 
wires (12) through piston and wrist pin and snap 
short end into hole provided at the bottom of the 
piston. 

(4) Instal 1 piston rings (9) on piston with 
beveled edge toward the top of the piston. Stagger 
the ring gaps by at least 90 degrees. 

NOTE 

Piston rings should have a groove clearance of 
0.002 0.004 inch. Gap clearance with ring 
installed on piston should be 0.005 0.015 inch. 

(5) Lubricate the piston, piston rings, wrist 
pin, and connecting rod bearings with clean engine 
oil and insert assembly through the top of the 
cylinder block. Position the bearing cap (23) and 
using new lockwashers (24) tighten both bolts (25). 
Torque connecting rod bolts to 100 pound-inches 
and bend lockwasher tangs up against the hex head 
of the bolt. 

(6) Install the other connecting rod and piston 
assembly in the same manner. 

(7) The unloader pistons (43) and their bores 
must be lubricated with dimethyl polysilozane prior 
to installation. 

(8) There should be a loose sliding fit between 
ilet valve guides (53) and the valves (52). 



(9) If 
42) were r< 
they fit wi 
above. 

(10) I 
the cylind* 
springs (51 
grease. 

(11) I 
the block 
assembly o 

(12) I 
when insta 
cylinder bl 

(13) I 
base cover 

( 3 1 ) , in se 

(14) ^ 
governor (I 
the dim ens 
bottom of 1 
1-7/8 inc 

(15) 1 
the cranks! 
feet. 

e. Insta 
engine in 1 



Section VIII. HYDRAULIC POWER ST 



4-16. General 

The pump is mounted at the rear of the engine on 
the flywheel housing by means of an adapter plate, 



an A 



r\\7 



(21 



on Q nr 



(2) R 
from 

(3) R 
control val 
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(6) Support the shaft end of the pump body in 
an arbor press and remove the shaft assembly from 
sb>* bocK. 

(7) Remove the retaining ring (12) and 
bearing (11) from the shaft (10). 

(8) Remove the shaft seal (13) from the body. 
c. Cleaning, Inspection and Repair. 

(] } Clean all parts with an approved cleaning 
solvent. Dry thoroughly. 

NOTE 

Discard a!! ^ask.fts and pr^forwod parking and 
rrpl;u:<* with npw H nil's \vlion assrrnblinf.j. Gasket 
and *artridi!;<' kits arc 1 ;' vail,M>lr for repair. 

(2) Inspect all surfaces of parts that are subject 
to ive.ir. Remove light scoring by lapping, other- 
wise, replace respectively parts. Inspect edges of 
vane . 117) for wear. Excessive play in slots or 
burred edges will necessitate the replacement of the 
rai tridge kit. 

!3) Install the control valve (2) in the cover 
(21). Replace if any binding or scoring is observed. 

(4) Install a new shaft seal (13) in the body. 
Do not over-press seal, however, seal must be 
bottomed against shoulder inside body. 

NOTE 

Coat all parts vitli rjoan hydraulic: oil prior to 
assembly. 

d, Assembly. 

(1) Assemble pump in reverse order of 
disassembly, using new gasket and preformed 
packing. Make sure that the ring (19) is installed 
with the arrow pointing in correct direction of 
rotation, and with the chamfered edge of the rotor 
(18) toward the pump body (14). 

(2) Install the cover (21) and cover screws 



e. Test. 

( ] } Mount h 

proceed as follow? 

(a) Provide 

capable of driving 

(b yProvide 

fey Install I 
reservoir. 

(d) Install 
tester in Set port. 

fey Install I 
oil reservoir. 

(f) Install h 
reservoir. 

(g) Positic 
reservoir level with 
fill with OK-10 en 

12) Drive pm 
at ISO F I 



To heat oil, loa 
cycles, until rr 
lapprox. 20 mil 

(a) Pump i 
100 psi. 

(b) To coi 
multiply the rated g 

1200. 

(3 I Volumetri 

greater. Compute i 
actual gpni by raS 
}. Installation. 
reverse of instruct! 
3810-290-12). 



(3) Inspect drive adapter and drive cable 
adapter for damage or wear. 

(4) Inspect machined surface of cover 
assembly for burrs and nicks. Remove rough spots 
with crocus cloth. 

cL Assembly. 

(1) Assemble shaft (6), slinger (7), key (12), 
and drive adapter (9) with drive cable adapter 
(13). 

(2) Install the assembly with new gasket (8) on 
cover assembly (2 ). Secure with nuts 111) and lock- 
washers (10). 



e. Installation. 

(1 ) Insert end o 

(2) Install the 
through cover assei] 
flywheel housing. 1 
cover is seated squi 

(3) Connect f 
adapter. 

(4) Lubricate < 
with current lubrici 
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1. Gasket 

2. Cover 
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coolant. To assure engine lubrication should the oil 
cooler become plugged, a by-pass valve permits oil 
to flow directly to the engine oil galleries from the 
oil pump. 

4-21. Oil Cooler 

a. Removal. 

(1) Drain the cooling system by opening the 
drain cocks (7, fig. 4-19) on the bottom of the 
cooler housing. 

(2) Loosen the clamps and slide the hose back 
on the water inlet elbow and tube to thermostst 
housing. 

(3) Remove the water pump (Refer to TM 5- 
3810-290-12). 

(4) Remove the bolts (6) and lockwashers (5 I. 

(5) Remove the oil cooler. 

b. Disassembly. 

(1) Remove the core assembly (2) from the 
housing (4). 

(2) Remove and discard the gaskets (1 and 3). 
Remove all traces of gasket material from the 
housing and cylinder block, 

c. Cleaning, Inspection, and Repair. 

(1) Clean all parts with an approved cleaning 
solvent. Dry thoroughly. 

( 2 ) Clean the oil passages in the cooler core ( 2 ) 
by circulating the tricloroethylene solution through 
the passages with a force pump. 

I WARNING] 

Perform this operation in a well- 
ventilated area. Avoid breathing the 



fumes or direc 
with the skin. 

(3) Remove 1 
culating an alkali 
passages and flush: 
water. 

Do not attempt tc 
failure has occurn 
metal particles 
system. Replace i 

(4) Clean the < 
immersing in a 2V 
two-thirds water ar 
l /2 pound of oxalic . 
will be completed n: 
cessation of bubbli 

Avoid breathii 
the solution v 

(5) Thorough I 
water and dip the 

(6) Test the co 

plate and rubber 
flanged side of the c 
suitable source of ; 
core in water. The 
leaky core which r 

When a leaking 

lubricating systen 




1. Outer gasket 

2. Core assembly 

3. Inner gasket 
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(7) Remove the core and dry thoroughly with 
compressed air. 

d. Assembly. 

NOTE 

The inlet and outlet openings av stamped "IN" 
and "OUT". Replace the core in the housing in 
the same position as when it was removed. 

(1) Clean all old gasket material from both 
faces of the core flange. 

(2) Install new gaskets ( 1 and 3) to the faces of 
the core flange and insert in housing (4). 

e. Installation. 

U) Position the oil cooler assembly on the 
cylinder block and secure with the bolts (6) and 
lockwashers (5). 

(2) Tighten the bolts to 13 17 pound-feet 
torque. 

(3) Install the water pump (refer to TM 5- 
3810-290-12) and hose connections. 

(4) Close .tlie drain cocks and fill the coolant 
system. 



CONNECT 75 P. S.I. 
AIR PRESSURE 



METAL 
PLATE 



DRILL AND TAP 
PLATE FOR AIR 
HOSE FITTING 
\ 




RUBBER 
GASKET 



FLANGED 



SIDE OF 
CORE 
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Figure 4-20. Oil cooler core prepared for l< j ak text- 



Section XI. FUEL LIMES AMD FUEL PUMP 



4-22. Fuel Lines 

a. General. This section pertains to the fuel lines 
incorporated directly on the engine assembly. Fuel 
lines, to and from, the fuel tank are covered in TM 
5-3810-290-12. These lines provide a means of 
transfer of fuel from the fuel pump to filter, filter to 
both cylinder heads, a crossover fuel line, and the 
connecting line for the fuel return. 

6. Removal. 

( \ ) Disconnect fuel supply hose from fuel 
pump and fuel return hose from reducer (4, fig. 4- 
21). 

(2) Remove reducer (4), nipple (5), coupling 
(6), tube assembly (7), and elbow (8) from rear of 
the left cylinder head. 

(3) Remove capscrew securing clip (3), swing 
the clip around and reinstall the capscrew. 

(4) Remove capscrews (9), lockwashers (10) 
and clamps (11). 



(5) Remove lube assembly (2) and elbows (1 
and 19). 

(6) Remove tube assemblies (13, 14, and 17) 
in thai order, and remove adapters (12), tee (18), 
elbow (15), and 45 elbow (16). 

c. Cleaning, Inspection, and Repair. 

(1) Clean all parts with an approved cleaning 
.solvent and dry thoroughly. 

(2) Inspect tube assemblies for cracks, kinks, 
and restrictions. Replace as required. 

(3) Inspect all fittings for cracks, damaged 
threads or restrictions. Replace parts as required. 

d. Installations. Install the fuel lines and fittings 
in the reverse order of removal. Do not overtighten 
tube connections. 
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1. Elbow 

2. Tubs assembly 

3. Clip 

4. Reducer 

5. Nipple 
(, Coupling 

7. Tube assernbh 

tf. Elbow 

'). Cap screw (21 

10. Lock washer (21 

11. Clamp (2) 

12. Adapter (2> 

13. Tube assembly 

14. Tube assembly 

15. Elbow 

H>. Elbow. 45 

11. Tube assembly 

I}?. Tee 

10. Elbow 

figure 4-2L Fue! lines and finings, exploded 



4-23. Fuel Pump 

u. General. The fuel pump is of the positive 
displacement geartype. The pmnp circulates fuel 
from the fuel supply tank to the fuel injeclois. It is: 
not a pressure pump. The pump cii-culfii.es the 
excess supply of fuel through the injectors and the 



unused portion goes back to the fuel tank by means 
of a fuel return manifold and fuel return line. A 
spring loader relief valve, incorporated in the pump 
braiy, norm ally remains in the closed position, 
operating only when pressure on the outlet side (to 
fuel fHter) becomes excessive due to a clogged filter 
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or fuel line. The valve will open at a pressure of 
approximately 65 to 75 pounds per square inch, 
allowing fuel to return through a passage in the 
body from the pressure side to suction side of the 
pump. A small hole in the pump body allows fuel in 
back of the relief valve to bleed into the gear 
compartment. Otherwise, the fuel might become 
trapped and prevent the valve from opening. The 
fuel pump is mounted on the flywheel housing and 
driven by the fuel pump drive gear. The drive gear 
rotates on a stationary hub attached to the cylinder 
block and is driven at. approximately twice engine 
speed by the righl camshaft gear. 

b. Removal. 

(1) Drain fuel strainer and filter (refer to TM 
5-3810-290-12). 

(2) Disconnect fuel lines to pump. 

(3) Remove three bolls <(>, fig. 4-22) and 
copper washers (!>). Discard the washers. 

(4) Remove the fuel pump and fork (21 ) from 
flywheel housing. Remove and discard gasket (3). 

NOTK 

Removal mid installation of pump drive n<-ar is 
covered in paragraph 4--f>0. 

c. Disassembly. 

(1) Remove drive coupling (1) and fork (21) 
from drive shaft (8). 

(2) Remove eight screws (1 ) and lockwashers 
(12). Remove cover (10) from pump body (4). 

(3) Remove drive shaft (8), drive gear (9), and 
ball (15) as an assembly. 

(4) Remove drive gear (9), if necessary. Do 
not lose ball (15). 

(5) Remove drive gear and shaft assembly (13 
and 14). 

(6) Remove plug (20) and gasket (19). 
Discard gasket. 

(7) Remove spring (18), pin (17), and relief 
valve (16). 

(8) Remove oil seals (2) from pump body (4) 
with seal removing tool. Discard seals. 

d. Cleaning, Inspection, and Repair. 

(1) Clean all parts with an approved cleaning 
solvent and dry with compressed air. 

(2 ) Inspect parts for damage or excessive wear. 
Replace as necessary. Check pump gear teeth for 
scoring or chipping. Replace if scored or chipped. 

(3) Inspect mating faces of pump body and 
cover. Faces must be flat and smooth, and fit 
tightly together. 

(4) Inspect relief valve for scoring. Remove 
score marks with fine crocus cloth, or replace valve. 

e. Assembly. 

(1) Place one oil seal (2) on the oil seal in- 
staller handle with the sealing edge against the 
shoulder of the handle. 



( 2) With the fuel pump body (4) supported on 
wooden blocks, insert the pilot of the oil seal in- 
staller handle into the pump so the seal starts 
straight into the pump flange. Then drive the seal 
into place in the counterbore of the flange until it 
bottoms. 

(3) Install the oil seal installer adapter on the 
oil seal installer handle. Position the other seal (21 
on the installing tool with the sealing edge facing 
the adapter. Insert the pilot of the installer handle 
into the fuel pump body (4) so the seal starts 
straight into the pump flange and drives the- seal 
into the pump body until the shoulder of the 
adapter contacts the body. 

(4) Reassemble the relief valve in the pump 
body by installing the valve body (16), spring ( 18), 
pin (17), gasket (19), and secure with the valve 
plug (20). Install the two pins (7) in the fuel pump 
body (4). 

(5) Install the driven gear and shaft (13 and 
14) in the pump body with the chamfered end of 
the gear teeth facing the pump body. Install the 
spur gear (9) over the squared end of the pump 
shaft ({{), with the slot in the gear facing the plain 
end of the shaft. Press the gear beyond the bearing 
ball retaining hole. Press the bearing ball (15) in 
the hold and press the gear back until the end of the 
slot contacts the ball. 

(6) Lubricate the fuel pump shaft and insert 
the squared end of the shaft into the opening at the 
gear side of the pump body and through the two oil 
seals (2). 

CAUTION 

Coat the face of the pump cover with a 
very light coat of sealant, being careful 
to keep the sealant out of the gear 
compartment. 

(7) Lubricate the gears and shaft with clean 
engine oil, then position the fuel pump cover (10) 
against the pump body (4) with the two pins (7) in 
the pump body entering the holes in the cover, and 
secure the cover to the body with the eight lock- 
washers (12) and capscrews (11). 

(8) Position the coupling and fork (1 and 21) 
on the squared end of the fuel pump shaft (8). 

/. Installation. Install the fuel pump in the 
reverse order of removal. 

g. Performance Test. After completing the 
installation of the fuel pump, check the per- 
formance of the fuel system. 

( 1 ) Make sure the strainer and filter elements 
have been replaced, and no restrictions are present 
in the fuel lines. 

(2) Disconnect the fuel return at the fuel tank 
and insert the end in a suitable container. 

(3) Start the engine and run at 1200 r.p.m. for 
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I M 



one minute. The return fuel should be ap- 
proximately one-half gallon. 

NOTE 

If bubbles are present when the return line is 
immersed in fuel, it indicates a leak in the suction 
side of the pump. 



(4) If the above conditions have been com- 
plied with and the fuel return is appreciably less 
than specified above, replace the fuel pump. 
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1. Coupling 

2. Seal (2) 

3. Gasket 
4-. Body 

5. Washer (31 

(>. Bolt <3) 

7. Pin (21 

* Nol slocked separately. 



8. Shaft 

9. Gear 

10. Cover 

11. Cap screw (8) 

12. Lockwasher 18) 

13. Gear * 

14. Shaft * 



15. Ball 

16. Valve 

17. Pin 

18. Spring 

19. Gasket 

20. Plug 

21. Fork 



22. Capscrew (2) 

23. Adapter 

24. Bolt 

25. Washer 

26. Thrust 'washer (2) 

27. Gear 

28. Hub 



Figure 4-22. Fuel pump and drive gear assembly, exploded view. 
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Section XII. EXHAUST MANIFOLDS 



4-24. General 

The air cooled exhaust manifolds ;.ire located on 
studs between the exhaust ports and by studs at the 
ends of the manifolds and secured to the cylinder 
head with special washers and nuts. The manifolds 
have a flange at the rear end, to which the flexible 
connection is attached. 

4-25, Exhaust Manifolds 

a. He in oval. 

Ul Loosen the clarnp 16, fig. '1-23) and slide 
off the bossed end of the manifold (")). 

(2) Loosen, but do not remove one nut (4). 

(3) Remove the throp remaining nuts (4) and 
washers 13). 

(4) Support the manifold (. r >) and remove the 
remaining nut and washer. 

(5) Remove the manifold and gasket (I). 

b. Cleaning, Inspection, find Repair. 

(1) Remove all rust, carbon, and oxidi/.cd 
laterial from the manifold with a wire brush. 



(2) Inspect the manifold for cracks or other 
defects. Clean machined surfaces. Repair or replace 
damaged manifold. 

( 3 ) Inspect the studs (2 ) for damaged threads. 
Replace as required. 
c. Installation. 

(1) Install the exhaust manifold (5) with new 
gasket (II on cylinder head. Secure with one 
washer (3) and nut (4) (finger tight). 

(2) Install remaining washers (3) and nuts 
(4). Position the "dished" washers so that the 
crown side faces the nut. 

13) Starting with a center stud nut (4), and 
working alternately toward each end of the 
manifold, lighten the nuts securely. 

(4) Slide the clamp (6) over the end of the 
manifold. Tighten the clamp screw firmly. 
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1. Gasket (21 

2. Stud (HI 

3. Washer (81 
1. Nut (8) 

5. Manifold ' >! 

h. Clamp assembly (2) 

7. Pipe (2 I 



4-23. Exhaust manifold, exploded view. 



N\ 



Section XISI. AIR INTAKE PIPING AND INLET HOUSING 



4-26. General 

The air inlet housing, mounted on top of the engine 
blower, serves as r*n adapter for the air intake 
piping. The air inlet housing contains an air shut- 
down valve that shuts off the air supply and slops 
the engine when the emergency slop button is 
operated. The air intake piping provides the 
necessary ducting between the air cleaner and the 
engine. The air cleaner repair is covered in TM 5- 
3810-2') 0-1 2. 

4-27. Air Intake, Piping 
A. Removal. 

(1 ) Loosen clamp (8, fig. 4-24) and slide hose 
(91 from tube (3). 

(2) Loosen four clamps (li and slide hump 
hoses (2) onto tube (3) sufficiently to remove from 
unit. Slide hump hoses and clamps from tube. 

(3) Remove eight cap screws (5) and lock- 
washers (6). Lift manifold (4) from air inlet 
housing and discard gasket (7). 



b. Cleaning, Inspection, and Repair. 

(1) Clean hump hoses with a damp cloth and 
dry. Inspect for cracks or cuts, replace as required. 

(2) Clean all other parts with an approved 
cleaning solvent and dry thoroughly. 

(3) Inspect tube (3) and manifold (4) for 
broken welds, cracks, or oilier damage. Repair 
broken welds and cracks by welding as necessary. 
Ends of tube and manifold must be smooth and 
even to insure tight seal of hump hoses. Face of 
manifold flange must be smooth and flat to seal 
with gasket (7). 

c. Installation. Using a new gasket and hump 
hoses as necessary, install the air intake piping in 
the reverse order of removal. Tighten hose clamps 
(] and 8) and capscrews (5) carefully to insure air 
tight connections between eomponentn. 
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Clamp (41 
Hump' Hose (21 
Tube 
Manifold 
Capscrew (Ml 
Lockwasher (HI 
Gasket 
Clamp 



. 
8. 

9. Hose 



Figure 4-24. Air intake piping, exploded v<ow. 
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4-28. Air Inlet Housing 

a. Removal. 

(1) Disconnect and remove air intake 
manifold (para 4-27). 

(2) Tag and disconnect wire lead from 
shutdown solenoid (15, fig. 4-26). 

(3) Remove bolts, lockwashers, washers, air 
inlet housing, and gasket from the blower housing 
(fig. 4-25). Discard gasket. 

(4) Remove the screen (13, fig. 4-26). 

b. Disassembly. 

(1) Remove cotter pin (30, fig. 4-26) and pin 
(19). 

(2) Remove four bolts (14), nuts (33), lock- 
washers (32), and solenoid (IS). 

(3) Remove nuts (16), washers (17), and 
bracket (18) from solenoid. 

14) Remove bolt (20), lockvvasher (21), 
washer (22), latch (24) and spacer (23). 

15) Remove bolt (25), lodcwasher (26) and 
bracket (21). 

(6) Remove pin (7), washer (8). and packing 
(9) from valve shaft (2 ( )). Discard packing. 

17) Remove pins (10) that secure shutdown 
alves (12) to valve shaft (2*)). 

(8) N ote position of air .shutdown valve spring 
(11) and valves (12). Withdraw shaft (29) from 
housing (1) to release spring and valves from 
position in housing. 

(9) Remove and discard packing (9) from 
housing. 

NOTE 

The cam <27! and handle (28) does not require 
removal from the valve shaft unless worn and 
replacement is required. 

c. Cleaning, Inspection, and Repair. 

(1) Clean all parts with an approved cleaning 
solvent. Dry thoroughly with compressed air. 



(2) Inspect the faces of the valves. They must 
be perfectly flat and free from burrs or nicks. 
Replace as required. 

(3) Clean and inspect screen (13) for holes. 
Replace as required. 

(4) Inspect springs for cracked coils and 
check tension manually. Replace as required. 
Inspect housing for cracks or damaged mating 
surfaces. 

d. Assembly. Assemble air inlet housing in 
reverse order of disassembly. Replace all packing. 

f. Installation. 

( ) I Install new gasket on top of blower 
h on sin g. 

(2) Mount air inlet housing on blower housing 
and secure with bolts, lockwashers, and washers 
(fig. 4-25). Torque bolts to 16-20 pound-feet. 

(3) Install air intake manifold (para 4-27). 



,_ (> , ; N , 



A.'j'D LOCK WASHER 
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Figure 4-25. Air inlet housing, removal points. 
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1. Housing 

2. Washer (6) 

3. Lock Washer (6) 

4. Bolt (3) 

5. Bolt (2) 

6. Bolt 

7. Pin 

8. Washer 

V. Seal ring (2) 
10. Pin 
1 i . Spring 
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12. Valve 

13. Screen 

14. Bolt (4) 

15. Solenoid 

16. Nut (2) 

17. Washer (2) 

18. Bracket 

19. Pin 

20. Bolt 

21. Lockwasher 

22. Washer 
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23. Spacer 

24. Latch 

25. Bolt (21 

26. Lockwasher (2) 

27. Cam 

28. Handle 

29. Shaft 

30. Cotter pin 

31. Bracket 

32. Lockwasher 1 41 

33. Nut (4J 
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Section XIV. BLOWER ASSEMBLY 



4-29. General 

The blower supplies fresh air required for com- 
bustion and scavenging. Its operation is similar lo 
thai of a gear type oil pump. Two hollow double 
lobe rotors revolve in a housing bolted lo the 
cylinder block. The revolving motion of the rotors 
provide a continuous and uniform displacement, of 
air. The blower rotors are pinned to lh* steel roior 
shafts. The rotor shafts are steel and the blower ,-ud 
plates are aluminum, providing for a compatsMo 
bearing arrangemen !. Gears located on the splined 
end of the rotor .shads assist in sparing the rofoi 
lobes. As the lobes of the upper and lower rotors do 
not touch at any time, lubrication is not required. 
Seals are incorporated in each end of the Mower 
rotors and serve a dual purpose; first lo prevent air- 
leakage past the blower rotor shaft bearing sur- 
faces, and second, to prevent oil used for 
lubricating the blower from entering the color 
compartment. 



4-:$0, Blower 
ii. Hcntovnl. 

( I I The blower and governor are bolted 
log ether and must be removed as an assembly. 

("2\ Disconnect the linkage from the governor 
control levers (A, fig. 4-27). 

\?r\ M.e?rtove the screws and lockwashers which 
;)f!j'h ?he governor cover lo the governor housing 
I A, i'lp. 4-27 f. H'sro->v<' the cover and gasket from 

! ! t \ ) ; i ( 1 '.'. :\ ) fr , 

M-l JJ<'n:ove two bolts (A, fig. 4-27) and lock- 
v;:,sh"rs vvJiicb hold the spring housing to the 
governor housing. He^uove the spring housing and 
f.';;',!-.ket. 

( ;/ } S.i^move she spring assembly from the 



DISCONNECT 
THROTTLE 
CONTROL WIRE 



LOOSEN LEVER CLAMP BOLT 
AND REMOVE LEVER 



REMOVE SCREWS (7) 
AND LOCK WASHERS 




REMOVE 
SPRING 



FLYWHEEL 

HOUSING 



REMOVE BOLTS (4) 
AND LOCKWASHERS 



DISCONNECT 
WIRE LEADS 
FROM SOLENOID <> 



REMOVE CLAMPS (2) AND 
HOSE (2 PLACES) 




REMOVE BLOWER DRIVE 
COVER PLATE AND GASKET 
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DRIVE 

SUPPORT 



BLOWER 

DRIVE 

SHAFT 




REMOVE BOLTS (2) 
AND LOCK WASHERS 



REMOVE " N \ 

RETAINER 

RING 
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DRIVE ~ F 
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GOVERNOR 
WEIGHTS 



BLOWER 

DRIVE 

SUPPORT 
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(6) Loosen the hose clamps and slide the hoses 
back on the fuel rod covers (A, fig. 4-27). 

(I) Remove the rocker cover from each 
cylinder head (para 4-34). 

(8) Disconnect the lower fuel rod from each 
injector control tube Sever, and also from each 
upper fuel rod. 

(9) Remove the threaded pins (1, fig. 4-29) 
connecting the fuel rods to the control link lever 
(50). Remove the upper fuel rods. 

(10) Remove the blower drive cover plate (B, 
fig. 4-27). Remove the retainer ring and withdraw 
the blower drive shaft from the housing (C, fig. 4- 
27). 

(II) Remove the two bolts and copper washers 
holding the blower drive support assembly (C, fig. 
4-27). Then, withdraw the assembly until the 
splined end of the drive shaft is free from the drive 
plate (D, fig. 4-27). Turn the drive assembly so the 
serrated end of the governor weight shaft will pass 
around the governor operating fork. Remove the 
drive support from the engine. 

(12) Remove the four bolts (37, fig. 4-28) and 
lock washers (38) holding the blower to the top face 
of the block. Lift the blower and governor assembly 
from the engine. Remove and discard gasket (50) 
and preformed packing (51). 

NOTE 

The governor is doweled to the blower rear end 
plate. 

(13) Remove the six bolts and lockwashers 
which attach the governor housing to the blower 
rear end plate. Remove the governor housing (16, 
fig. 4-29) and gasket (48). 

b. Disassembly. 

( 1 ) Remove the six bolts (48, fig. 4-28), special 
washers (49) and reinforcement plates (47) that 
retain the front end plate cover (46) and the front 
end plate (39) to the blower housing (35). 

(2) hemove the end plate cover and gasket 
(45) from the end p:ate. 

(3) Wedge a clean cloth between the blower 
rotors (29) to prevent turning. Remove four bolts 
(34) that hold the blower drive cam retainer (33) 
and blower drive spring support (19) to the rotor 
gear. 

(4) Remove the retainer (33), support (19), 
and spacer (22) from the rotor gear (24). 

(5) Remove four bolts (32) and governor 
drive plate (31) from rotor gear (23). 

(6) Remove the bolts (20) and blower drive 
cam pilots (21) from both gears. 

(7) Remove both blower gears (24 and 25) 
simultaneously with two gear pullers. Mark the left- 
hand gear to facilitate identification at assembly. 



NOTE 

Place shims (30) and spacers (25) with their 
respective gears to insure proper positioning at 
assembly. 

(8) Remove three thrust plate bolts (44), 
spacers (40), and thrust plate (43) from the front 
end plate (39). Remove the bolts (42) and thrust 
washers (41). 

(9) Tap the end plate (39) off the dowel pins 
(36) with a plastic hammer. 

CAUTION 

Do not damage the mating surfaces of 
the end plate and housing. 

(10) Remove the rotors (29) from the blower 
housing (35). Remove the end plate (26) carefully 
as outlined in paragraph 9 above. 

(11) Remove the seals (28) from each end of 
the rotor shafts. 

(12) Disassemble the blower drive spring 
support (19) by driving out cam (17), thus per- 
mitting drive spring pack (18) to fall free from the 
drive spring support. 

(13) Remove retaining ring '5) and washer (6 l 
from hub (9). Remove assembled hub and ge 
from support (7). 

(14) Press the drive gear (11) from hub h 
and remove key (10). 

NOTE 

Removal of governor weight shaft, which is also 
mounted in the blower drive support is covered in 
paragraph 4-32. 

c. Cleaning, Inspection, and Repair. 

(1) Clean all parts with an approved cleaning 
solvent. Dry thoroughly with compressed air. 

(2) The finished inside face of the end plates 
(26 and 39) must be smooth and flat. Slight scoring 
may be cleaned up with a fine grit emery cloth, 
however, if the surface is badly scored, replace the 
end plate. 

(3) Inspect the surfaces of the rotors (29) and 
blower housing (35) for burrs or scratches and 
remove them with an oil stone. 

(4) Examine the rotor shaft serrations. Burred 
or peened serrations may prevent installation or 
block meshing with the serrations in the cam of the 
blower drive spring assembly. 

(5) Inspect the blower gears (23 and 24). They 
should be replaced if there are indications of ex- 
cessive wear or any damage. 

(6) Check the bearing surfaces of the rotor 
shafts and end plates for scoring and wear. Inspect 
the seals for cracks, hardness and for damage due 
to adherence to the shaft. When a blower is being 
reconditioned, the installation of new seals is 
recommended. 
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d. Assembly. (3) Install key (10) in hub (9) and place 

(1) Install governor weight shaft (para 4-32) if blower drive support (gear side up) on an arbor 
removed, on blower drive support. press. Aline key way of gear (11) with key (10) and 

(2) Install washer (6, fig. 4-28) and retaining press the gear onto the hub until a clearance of 
ring (5) on hub (9). Lubricate hub with engine oil 0.005 inch is established between the gear and the 
and install in blower drive support. support. 




1. Bolts </)) 

2. Lock washers 16) 

3. Cover 

4. Gasket 

5. Retaining ring 
(>. Washer 

7. Support 
H. Ring 
9. Hub 

10. Key 

11. Gear 

12. Gasket 

13. Bearing 



H. Washer (2) 

15. Shaft 

1(). Gasket 

17. Cam 

1. Spring Pack 

19. Support 

20. Bolt 12) 

21. Pilot (2) 

22. Spacer 

23. Gear 

24. Gear 

25. Spacer (2) 

26. Plate 



27. Plug (2) 

28. Sea! (4) 

29. Rotor (21 
Shims 
Plate 
Bolt (4) 
Retainer 

34. Bolt (4) 

35. Housing 
Pin (4) 
Bolt (41 
Washer (41 



30. 
31. 
32. 
33. 



36. 
37. 
38. 



39. Plate 



Figure 4-28. Blower assembly, exploded view. 
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40. Spacer (3) 

41. Washer (21 

42. Bolt (2) 

43. Plate 

44. Bolt 13) 
4,'i. Gasket 

46. Cover 

47. Plate 121 

48. Bolt (6) 



49 
.-,0. 



Plate (2) 



Preformed Packing 
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(4) Place the front end plate (39) on two wood 
blocks and install the rotors (29), gear end up, with 
now seals (28). 

(5) Install the blower housing (35) over the 
rotors. Position rear end plate (26) over the rotor 
shafts and temporarily secure with two bolls (48). 

NOTE 

To prevent inadequate lubrication or low oil 
pressure, care must be exercised in tbe assembly of 
the front and rear blower end plates to the blower 
housing. The rear end plate does not have tapped 
boles for the thrust washer plate holts and is the 
only cover that has the vertical oil passage drilled 
through into the pocket on the left side of the plate 
for supplying lubrication tn the blower drive gear 
bearing. 

(6) Turn the assembly over and temporarily 
secure the front end plate (39) with two bolts (48). 
Position thrust washers (41 ) on ends of rotor shafts 
and secure with two bolts (42). Tighten holts to 54- 
59 pound-feet torque. 

(7) Attach three spacers (40} and thrust plate 
(43) to the front end of the blower with three thrust 
plate bolts (44). Tighten the bolts to 7-9 pound-feet 
torque. Then check the clearance between the 

hrust plate and the thrust washers. The clearance 
should be 0.001 to 0.003 inch. 

(8) Position the rotors so that the missing 
serrations on the gear end of the rotor sh. ' are 
90 apart. Install the shims (30) and spacers (25) 
in the counterbore in the rear face of the rotor gears 
(23 and 24). Place the gears on the ends of the 
shafts with the missing serrations in alignment with 
the missing serrations on the shafts. 

(9) Tap the gears lightly with a soft hammer to 
seat the gears on the shafts. Then, rotate the gears 
until the punch marks on the face of the gears 
match. If the punch marks do not match, reposition 
the gears. 

(10) Wedge a clean cloth between the blower 
rotors. Use the blower rotor gear retaining bolts and 
plain washers to press the gears on the rotor shafts. 
Turn the bolts uniformly until the gears are tight 
against the shoulder on the shafts. 

( 11 ) Remove the gear bolts and plain washers. 
Place the pilot (21) in the counterbore of the gears 
and start the twelve point bolt (20 ) in the righthand 
rotor shaft and start the hex head bolt (20) in the 
left-hand rotor shaft. Tighten the bolts to 25-30 
pound-feet torque. 

(12) Check the backlash between the blower 
gears. The backlash should be 0.0005 to 0.0025 
inch with new gears. Replace the gears if the 
backlash exceeds 0.0035 inch. 

(13) After the blower rotors and gears have 
been installed, the blower rotors must be timed. 



The rotors, when properly positioned run with a 
slight clearance between the rotor lobes and with a 
slight clearance between tbe lobes and the walls of 
the housing. The clearances between the rotors may 
be established by moving one of tbe helical gears 
out or in on the shaft relative to tbe other gear. 
Moving tbe gears OUT or IN on the rotors is ac- 
complished by adding or removing shims between 
the gear hub and the rotor spacers. Refer to table 4- 
2. 

( 14) Measurements should be taken across tbe 
entire length of each rotor lobe to be certain that a 
minimum clearance of 0.004 inch exists at the air 
outlet side of all blowers; and a minimum clearance 
of 0.010 inch exists at the air inlet side. Similarly, 
tbe clearance between rotor lobes should be 
measured across the length of the lobes. By rotating 
the gears, position the lobes so that they ,'ite at their 
closest relative position. 

NOTE 

Push and hold the rotor toward the front end plate 
when the clearance is being checked and toward 
the rear when the rear end plate-to-rotor clearance 
is being taken. 

Table 4-2. Blower Rotor ('Icarances 



Minimum-Inches 



Rotor Position 


!V 


Rotor to housing 




Inlet side 




Outlet side 




Between rotor lobes 




Rotor to end plate 




Front 




Rear 





0.010 
0.004 
0.0)0 



(15) Assemble the blower drive spring support 
assembly by: 

(a) Place the drive spring support (19) on 
two blocks of wood. 

(b) Position the drive spring seats (18) in 
the support. 

(c) Apply grease to the springs to hold the 
leaves together, then slide the two springs (con- 
sisting of 15 leaves per pack) into the drive spring 
seats. 

(d)Place the blower drive cam (17) over the 
end of installing tool. Insert the tool between the 
springs, and press the cam into place between the 
springs. 

(16) Install the drive spring support assembly 
with spacer (22) on the rotor gear (24) at the rear 
end of the blower. 

NOTE 
The coupling is placed on tbe left-hand gear on the 
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blower. A spacer is pbieed between the year and 
con pi inn. 

(17) Secure the ram retainer plate (33) to the 
support (1 ( ) ) with four bolts (3-1) and tighten them 
to 8-10 pound -feet torque. 

(18) Install the governor drive plate (31) on 
the right-hand rotor gear (23) with four bolts (32) 
and tighten them to 8-10 pound feet torque. 

(1 ( )) Secure the rear end plate cover (26) to 
governor with six bolts and special washers. 
Tighten the bolls to 20-25 pound-feet torque. 

c. Installation. After securing the governor to the 
blower, install the blower on the engine as follows: 

(1) Install the blower-to-blork gaskets (501 
and preformed packing (51). 

(2) Install the blower and governor assembly 
on the engine. 

NOTK 

Since (he (Mivernor is doweled to the eyl inder hloek 
rear end plate, the jMivenmr end of the l>lo\\er 
rnusl he in position before the blower can be 
lowered onto llie engine. 

(3) Secure the blower to the block with four 
bolts (37) and flat washers 1.38). Tighten the bolts 
to 10-15 pound-feet torque. 

(4) Install the blower drive support as follows: 
(a) Affix a new gasket (121 to the blower 

drive support (7). 

ib) Position the speed-limiting weights in a 
hori/ontal position to provide clearance. Turn the 
operating shaft fork away from the blower, if 
necessary, for additional clearance. 

fc^ Move the blower drive assembly into the 
openings in the flywheel bousing until the blower 
drive gear enters the housing (D, fig. '1-27). Then, 
turn the drive assembly slightly so that the serrated 
end of the governor weight shaft may pass around 



behind the governor operating fork, permitting the 
fork to slip into place between the serrated end and 
tho riser bearing. 

(fiOThen push the drive support assembly 
up against the flywheel housing; the serrations in 
the governor weight shaft and in the governor drive 
plate on the blower timing gear must mesh. The 
blower drive gear must also mesh with the mating 
gear. 

(51 Secure the small end of the blower drive 
support to the flywheel bousing with two bolt* 111 
and copper washers (14). Tighten the bolts to 20- 
25 pound-feel torque. 

(()) Insert ihe blower drive shaft US) into the 
blower drive gear hut) (9). ff ntcessary, turn (lie 
crankshaft so thai the serrations on the blov.er 
drive shaft register \\ iih the serrations in the blower 
drive cam and the blower drive gear hub. 

(7) Install the retainer (8 I in the blower drive 
gear hub to secure the blower h ive shaft. 

(8) Attach a new gasket (!) \v the blower 
drive support cover (3)'. then se<:urc the- cover to 
th< support with bolts (1) and lock washers 121. 
Tighten the bolls to 20-25 pound-feet torque. 

<<-)) Tighten the blower-to-blork bolts (371 
55-00 pound-feei torque. 

(10) Insert the upper fuel rod. 1 - through ti. 
fuel rod covers and attach the rods to ihe governor 
control link lever. 

(11) Attach the lower fuel rods to the injector 
control tube levers and upper fuel rods. 

(121 Slide the fuel rod cover hoses in place 
and secure them with hose clamps. lA. fig. 4-2 i I. 

(13) Install the variable speed spring 
assembly in the governor (para 4-32). 



Section XV. VARIABLE SPEED GOVERNOR 



4-31. General 

The variable speed mechanical governor is 
mounted between the engine blower and flywheel 
housing. A cover and lever assembly, control 
housing, spring housing, and weight and shaft 
assembly comprise the basic parts of the governor. 
One end of the weight shaft is splined to a drive 
plate attached to the driven blower gear to provide 
a means of driving the governor. The other end of 
the weight shaft is supported by a bearing in the 
blower drive support. The governor housing serves 
as the rear end cover of the blower housing which 
explains the reason for removing the blower and 
governor as an assembly (para 4-30). 



4-32. Variable Speed Gove.tnoi 

a. Removal. Remove the governor as instructed 
in paragraph 4-30. 

b. Disassembly. 

( 1 ) Remove ihe retaining ring (25. fig. 4-29) 
and the Us o seal retaining washers <26). Withdraw 
ihe throttle shaft assembly (37) from the cover 
( J 7). 

(2) Remove the packing 1271 from the cover. 

(31 \Vash the cover assembly thorough!) in an 
approve..! cleaning solvent and inspect the bushing 
for wear or damage. If ihe hushing i> satisfactory 
lor further use, removal is unm-ssary. 
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14) If the bushing is to be removed, place the 
governor cover with the inner face down on an 
arbor press. Place a hollow spacer between the 
cover and the bed of the press. Place the bearing 
remover on top of the bushing and press out of the 
cover. 

NOTE 

Bushing is replaced by two bearings (28). 

(5) Loosen the clamp boll ( ( ), fig. 4-30) and 
remove the speed control lover (7) from the shaft 
(3,' ? > I of the variable speed spring housing. Remove 
the key 110). 

(61 Loosen the clamp bolt (2-) and remove 
the booster spring lever (31). Remove the key (10). 

(7) Remove the plain washer (6) and packing 
(5). 

(8) Remove the pipe plug (36) from the 
bousing and, working through the opening, remove 
the setscrew (12) from the spring lever (11). 

( ( ) ) Support the spring housing in an arbor 



press. Use a brass rod to press the shaft (33), and 
bearing (4i from the housing. 

(10) Remove the spring lever assembly (11). 

(11) Press the second bearing (4) from the 
housing. 

(12) Remove the governor adjusting screw 
(IS, fig. 4-29). 

(13) Remove the retainer (2) and washer (3) 
from the control link lever pin and withdraw the 
control link lever (SO) and washer (3). 

(14) Support the control link lever (SO) on a 
spacer and place them on the bed of an arbor press. 
Then press both bearings (4) from the lever. 

(15) Remove the retainer (5) and washer (6) 
from the pin in the operating shaft lever (8) and 
remove the differential lever (7). 

(161 remove the plug (47 ) at the bottom of the 
governor housing. 

(17) Remove the operating shaft upper 
bearing retaining screw and washer (11 and 12). 



24 32 



\ 33 , 
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1. Pin (21 

2. Retainer 

3. Washer <2 

4. Bearing (2) 

5. Retainer 
(>. Washer 

7. Lever 

8. Lever 

9. Nut 

10. Capscrew 

1 1. Screw 

12. Lockwasher 

13. Bearing 

14. Shaft^ 

15. Adjusting screw 

16. Housing 

17. Cover 

18. Lockwasher 

19. Screw 

20. Capscrew 

21. Lever 

22. Lockwasher 

23. Capscrew 

24. Plug 

25. Retaining ring 



26. Washer (2) 

27. Packing 

28. Bearing (2) 

29. Bracket 

30. Nut 

31. Rod end 

32. Lock nut 

33. Solenoid 

34. Capscrew 

35. Lockwasher 

36. Nut 

37. Shaft 

38. Gasket 

39. Weight (2) 

40. Retaining ring (2) 

41. Carrier 

42. Bearing 

43. Pin (2) 

44. Riser 

45. Shaft 

46. Bearing 

47. Expansion plug 

48. Gasket 

49. Fork 

50. Lever 
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Key to figure 4-30. 

1. Bolt (21 

2. Washer (21 

3. Housing 

4. Bearing (21 

5. Packing (2> 
(>. Washer 

7. Lever 
. Washer 
<>. Bolt 
10. Key <3) 

1 . Lever 

2 . Setscrew 

3. Spring retainer 

4. Shims 

5. Stop 
1(>. Stop 

1 7. Spring 
Itt. Plunger 

1 <>. Plunger guide 
20. Gasket 

2 1 . Spring 

22. Eye bolt 

23. Nut 

24. Washer 

25. Boll 
2<>. Bracket 

27. Nut (21 

28. Bolt 

29. Bolt 

30. Washer 

3 1 . Lever 

32. Nnt 

33. Shaft 

34. Idle screw 

35. Nut 
3(>. Plug 



(18) Remove the operating shaft lower 
bearing (46) by placing the inverted governor 
housing on the bed of an arbor press; use wood 
block(s) to prevent damage to the dowel pins in the 
housing. Press on the shaft, using a rod small 
enough to pass through the bearing, until the 
bearing is free of the shaft. Then, withdraw the 
bearing. 

(19) Place an end wrench between the 
operating fork (49) and the governor housing ; also 
place a rod on the end of the operating shaft (14) 
and press the shaft out ol the fork. 

(20) Withdraw the operating shaft, operating 
shaft lever, and bearings. 

(21) Press the upper bearing (13) and 
operating shaft lever (8) from the shaft. 

(22) Remove the retainers (40) from the 
governor weight pins (43). Then, drive the pins out 
of the carrier and the weights. Remove the governor 
weights (39). 

(23) Press the governor weight carrier (41) 
from the shaft (45). 

(24) Slide the governor riser and bearing 
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assembly (44) from the shaft. Do not remove the 
bearing since the bearing and riser are serviced only 
as an assembly. 

(25) Tap the governor weight shaft bearing 
(42) from the blower drive support. If the bearing 
is a tight fit, drive the plug from the support, and 
using a spacer against the outer race of the bearing, 
press or tap the bearing from the support. 
c. Cleaning, Inspection, and Repair. 

(1) Clean all of the parts with an approved 
cleaning solvent and dry them with compressed air. 

(2) Inspect all bearings. Replace corroded or 
pitted bearings. Revolve ball bearings slowly by 
hand. Replace bearings which indicate rough or 
tight spots. 

(3) Examine the riser thrust bearing for 
excessive wear, flat spots, or corrosion. If any of 
these conditions exist, install a new riser and thrust 
bearing assembly. 

(4) Inspect the control link lever, need 1 
bearings and control link lever pin for we, 
Replace worn parts. If a new control link lever p 
is required, remove the old pin and press the nt 
pin in the governor housing; the pin must project 
1.055 to 1.060 inches above the boss in the 
housing. 

(5) Examine the governor weight carrier pins 
for wear. 

(6) Inspect the governor spring, spring 
retainer, plunger, plunger guide, adjusting screws 
and other parts of the governor housing for wear. 

(7) Check the serrations on the governor 
weight shaft and the drive plate on the blower 
timing gear for wear. Replace worn parts. 

d. Assembly. 

(1) Place the cover (17, fig. 4-29) with the 
inner face down, on the bed of an arbor press. Start 
a needle bearing (28) straight into the bearing bore 
of the cover, with the number side of the bearing 
up. Then press the bearing in until the shoulder on 
the installing tool contacts the cover. 

(2) Turn the cover over and start the second 
bearing (28), number side up, in the bearing bore. 
Place a flat washer over the pilot end of tool and 
insert the tool in the bearing. Press the bearing in 
until the washer contacts the cover. 

NOTE 

The bushing used in the rover is not serviced. For 
service, install two small needle bearings. Do not 
use impart tools to install needle bearings. 

(3) Pack the needle hearings with grease. 
Then, slide the governor throttle shaft (37, fig. 4- 
29) through the bearings, with the fulcrum lever 
pin seated in the slot on the underside of the cover. 

(4) Install new packing (27) on top of the 
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upper bearing. Then install two retaining washers 
(26) and lock them in place with the retainer (25). 

(5) Lubricate the needle bearings (4, fig. 4- 
30) with grease. Support the variable speed spring 
housing (3) on an arbor press and start one bearing, 
number side up on the housing. Press the bearing in 
the housing. When the shoulder on the tool contacts 
the housing, the bearing will be properly 
positioned. 

NOTE 

Do not 11 so impart lools to install nc<?dle bearings. 

(6) Lubricate the spring lever (11) with 
engine oil and insert the lever in the housing. Install 
a key (JO) and slide the shaft (33) through the lever 
and through the needle bearing in the housing. 

(7) Place the second needle bearing, number 
side up, over the shaft. Press the bearing in until the 
shoulder on the installing tool contacts the housing. 

(o 1 ) Thread the setscrew (12) in the lever (11) 
and tighten it to 12-ft ft-lbs. torque. Stake the lever 
or lock the screw in place. Install the pipe plug 
(36). 

(9) Install packing (5) and washer (6) at the 
eed control lever end of the shaft. 

(10) Install a key and place the speed control 
ever (7) on the shaft. Secure the lever with a bolt 
(91 and lockwasher (8). 

(11) Install a key (10) and the booster spring 
lever (31) on the shaft (33). Secure with bolt (29) 
and lockwasher (30). 

(12) Assemble the governor housing by 
starting the upper operating shaft bearing (13, fig. 
4-29) number side up, on the end of the shaft (14). 
Support the lower end of the shaft on an arbor 
press. Place a sleeve on the inner race and press the 
bearing against the shoulder on the shaft. 

(13) Start the operating shaft lever (8), with 
the pivot pin up, on the end of the shaft (14) with 
the flat on the shaft registering with the flat in the 
lever bore. Use a sleeve to press the lever tight 
against the hearing. 

(14) Insert the lever and shaft assembly 
through the top of the governor housing. Position 
the operating fork (49) over the lower end of the 
shaft, with the finished cam surfaces facing toward 
the rear of the governor (toward the governor 
drivel. 

( J 5 ) Support the operating shaft and governor 
housing on the bed of an arbor press with the upper 
end of the shaft resting on a steel block. Align the 
flat in the fork with the flat on the shaft, then place 
a sleeve over the shaft and against the fork. Press 
the fork tight against the shoulder on the shaft. 

(16) Start the lower operating shaft bearing 
(46). number side tip, on the end of the shaft. Place 



a sleeve on the inner race and press the bearing 
against the shoulder on the shaft. 

(17) Start the lower operating shaft bearing 
(46 ), number side up, on the end of the shaft. Place 
a sleeve on the inner race and press the bearing 
against the shoulder in the housing. 

(18) Lubricate both bearings with engine oil. 

(19) Apply a good quality sealant around the 
edge of a new expansion plug (38) and tap it in 
place in the housing. 

(20) Place the differential lever (7) over the 
pivot pin in the operating shaft lever (8). Secure the 
lever with a washer (6) and retainer (5). 

(21) If previously removed, install the gap 
adjusting screw (10) and locknut (9) in the tappet 
hole in the operating shaft lever (8). 

(22) Support the control link lever (50) on a 
steel spacer. Start one bearing (4), number side up, 
in the lever. Insert the pilot end of the installing tool 
in the hearing, and press the hearing in the lever. 
Reverse- the lever and install the second bearing (4) 
in the same manner. 

(2.3) Place a washer (3) over the end of the 
control link lever pin in the governor housing. Place 
the needle bearings with grease and place the lever 
(50), with the tapped ends of the link pin holes 
down, over the pin in the housing. Secure the lever 
with a washer (3) and retainer (2). 

(24) Install the adjusting screw (15), leaving 
approximately % inch of the screw extending from 
the governor housing. 

(25) Lubricate the governor weight shaft (45) 
with engine oil, then slide the riser assembly (44) 
over the shaft with the bearing end toward the 
serrated end of the shaft. Pack the bearing with 
grease. 

(26) Press the shaft into the weight carrier 
(41 ). Tlie installing tool will properly position the 
weight carrier on the shaft. 

(27) Position the weights (39) on the carrier 
and drive the weight pins (43) in place. Install the 
retaining rings (40). 

(28) Place the blower drive support (D, fig. 4- 
27) with the inner face up, on the bed of an arbor 
press. Start the governor weight shaft bearing (42, 
fig. 4-29) number side up, in the bearing bore of the 
support. Place a sleeve against the outer race and 
press the bearing firmly against the shoulder in the 
bearing bore. 

(29) Place a support under the inner race of 
the bearing in the blower drive support and start 
the weight end of the governor weight shaft into the 
bearing. Press the shaft in until the shoulder on the 
shaft contacts the inner race of the bearing. Press 
the shaft in straight to avoid brinelling the bearing. 
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e. Installation. 

(1) Attach a new gasket (48. fig. 4-29) to- the 
governor housing ;md place the housing against the 
blower rear end plate. Secure the governor housing 
to the blower with six bolts and lockwashers. 

(2) Install the blower and governor assembly 
on the engine as outlined in paragraph 4-30. 

(3) Assemble and install the variable speed 
spring and housing on the governor as follows: 

(a) Install the spring plunger guide (19, fig. 
4-30) in the governor housing (16, fig. 4-29). 

ffojlnserl the spring plunger ( !8, fig. 4-30) 
in the plunger guide. 

fcjlnsert the solid stop (16) in the governor 
housing. 

fc/jPlace the spring retainer (131 in the 
spring housing with the Hostel end of the retainer 
against the spring lever (II). If shims (14) were 
used, place them inside the spring retainer. Insert 
the split stop (15) in the spring housing and against 
the, 1 spring retainer. 



fW Insert the variable speed spring (17) in 
the spring retainer with the tightly wound end of 
the spring against the shims. 

ff) Insert two bolts (1) with lockwashers (2) 
through the spring housing (3) and place a new 
gasket (20) over the bolts and against the housing. 

(g) Place the spring housing in position 
against the governor housing, with the spring 
plunger engaged in the end of the spring. Thread 
the bolts into the governor housing and tighten 
them. 

(li) Install the idle speed adjusting screw 
(34) and locknut (35) if removed. 

(4) Place a new gasket (38, fig. 4-29) on the 
governor, then install the governor and lever 
assembly. Be sure the governor control lever shaft 
(37) enters the slot in the differential lever (7). 
Position the solenoid mounting plate (29) on the 
cover (17) and secure to the governor with seven 
screws (19), and lockwashers (18). 



i 



VI. ROCKER ARM COVERS AND CYLINDER HEADS 



4-33. General 

a. The rocker arm rovers are steel stampings, 
which provide protection for the valve and injector 
operating mechanisms. Thv right cover is equipped 
with an adapter outlet to which is attached the 
crankcase breather hose. The left cover is equipped 
with an oil filler cap. 

b. The cylinder head is a one-piece casting. 
Located in the cylinder head are the exhaust valves, 
fuel injectors, rocker arms, and cam followers. 
Exhaust valve inserts, pressed into the head, permit 
accurate seating of the valves under varying 
conditions of temperature. To ensure efficient 
cooling, the exhaust passages, valve inserts and 
injector tubes are completely surrounded by water. 
In addition, cooling of these areas is further assured 
by the use of double jet spray nozzles installed 
between each pair of cylinders in the water inlet 
ports. Nozzle holes are so positioned that the 
comparatively cool water which enters the head is 
directed at high velocity against the sections of the 
head which are subjected to the greatest heat. To 
seal compression between the cylinder head and the 
block, separate laminated metal gaskets are 
provided at each cylinder. Water and oil passages 
between the block and head are sealed with syn- 
thetic rubber seal rings. 

4-34. Rocker Arm Covers 
a. Removal. 



(1 ) Loosen hose clamp and slide breather hose 
from adapter on right hand rocker arm cover. 

(2) Remove each cover by removing four 
screws (3, fig. 4-32), cover (2), and gasket (4). 
Discard gasket. 

h. Cleaning, Inspection and Repair. 

(1) Clean all parts with an approved cleaning 
solvent and dry thoroughly. 

(2) Inspect covers for cracks, dents, or other 
damage. Replace covers as required. 

(3) Remove cap assembly (1, fig. 4-32) and 
inspect for damage. Replace as required. 

c. Installation. Install the rocker arm covers in 
the reverse order of removal, using new gaskets (4). 

NOTE 

The cover with the oil fill cap must go on the left 
cylinder head. 

4-35. Cylinder Head 

a. Removal. 

MOTE 

The instructions for removal and repair of the 
right and the left cylinder head assemblies are the 
same, since the assemblies are basically identical. 
(1 ) Disconnect and remove fuel lines (para 4- 
22). 

(2) Remove thermostat housing, cross-over 
tube, and elbows (refer to TM 5-3810-290-12). 

(3) Remove pxhaust manifolds (para 4-25). 
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(4) Remove air intake piping (para 4-27) and 
lir inlet housing (para 4-281. ' 

(o| Remove blower and governor assemblies 
para 4-30). 

16) Remove rocker arm covers (para 4-34). 

(7) Remove injector control tube (para 4-39). 

(8) Remove fuel injectors (para 4-40). 

(9) Attach a suitable lifting sling to the 
cylinder head (fig. 4-31) and remove eight bolts 
(16, fig. 4-32). 

(10) Remove cylinder head, cylinder head seal 
strip, oil hole seal rings, water hole seal rings, and 
the three cylinder liner compartment gaskets (fig. 
4-3]). Support the cylinder on work table with 
wood blocks at least 2 inches thick. 

b. Disassembly. 

(1) Remove the rocker arms (para 4-37). 

(2) Remove valve springs, push rods, cam 
followers and valves (para 4-37 and 4-38). 

(3) Remove studs (10, fig. 4-32), plugs (9, 13, 
14, and 15), and adapter (12). 

(4) Remove bolts (5), lock washers (6), cover 
(7) and gasket (8). Discard the gasket. 

(5) Remove injector tubes (21 ) and ring (20). 
Discard the rings. 



NOTE 

A cylinder head gasket set containing all gaskets 
req uired for the overhaul of one cylinder head is 
available. 

c. Cleaning. Inspection, and Repair. 

(1) Clean cylinder head with an approved 
cleaning solvent. Use probes and brushes to clean 
fuel passages. If water passages are coated heavily 
with scale, remove water nozzles, and thoroughly 
clean water jacket areas. 

(2) Check cylinder casting for leaks by sealing 
off water holes with suitable clamps and rubber 
gaskets held in place by bolts. Immerse casting in a 
water tank previously heated to 180 200 F. 
Apply 80-100 pounds per square inch air pressure 
to water jacket and watch for bubbles which in- 
flicates cracks and leaks in casting. Dry head with 
compressed air. 

13) Inspect bottom surface of casting for 
war page by using a straight edge and feeler gage at 
points illustrated in figure 4-33 A. Maximum 
allowable warpage is 0.005 inch longitudinal and 
0.004 inch transverse. Replace the head if warpage 
exceeds limits specified, or if head is cracked. Do 
not attempt to repair the head. 
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Figure 4-3 L Removing cylinder head, gaskets, and seal rings. 
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1. Cap Assembly 
2 Cover 

3. Screw Assembly (4) 

4. Gasket 

5. Bolt 12) 

6. Lockwasher 12) 



7. Cover 

. Gasket 

9. Plug (3) 

10. Stud (41 

I 1 . Head Assembly 



12. Adapter 

13. Plug (4) 

14. Plug 121 

15. Plug 12) 
1(). Bolt IB) 
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Figure 4-32. Rocker cover and cylinder head, exploded view. 





A. HEAD FLATNESS CHECK POINTS. 



B. CYLINDER HEAD TIGHTENING SEQUENCE. 



VALVE FLUSH 
WITH HEAD 
MAX. VALVE 
0.024 BELOW 
HEAD (0.039 
USED PARTS) 



NOTE: ALL DIMENSIONS 
IN INCHES. 




VALVE SEAT 
INSERT 



VALVE 



CYLINDER 
HEAD 



C. EXHAUST VALVE & INSERT POSITIONING 

Figure 4-33. Cylinder head warpage inspection, bolt tightening sequence, 
and valve positioning details. 
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14) Replace loose or corroded water nozzles. 
Clean the water port holes with a % inch diameter 
drill. Flare edges of holes slightly. If holes in head 
have been enlarged by corrosion, expand nozzles 
with suitable tool to assure tight fit. Nozzles must 
be flush or recessed 1/32 inch below surface to 
head. 

(SI Inspect the valve guides (19, fig. 4-32) for 
scoring and wear. If valve stem-to-guide clearance 
exceeds 0.005 inch, replace the guides. 

(a) Support the cylinder head, bottom side 
up, on 4-inch wooden blocks on work bench. 

(b) Drive valve guide out from bottom of 
cylinder head with suitable remover. 

(c}Turn cylinder head right side up. Insert 
threaded end of new guide in valve guide replacer 
tool. Position valve guide squarely in cylinder and 
gently tap installing tool contacts bottom of 
counterbore in cylinder head. 



t'se correct repSacer to avoid damaging 
valve- guide and to assure proper 
location of guide in hc-ad. 



(61 Inspect the valve seat inserts for cracks or 
burning. Replace as necessary using the following 
procedures : 

(a) Place cylinder head on side of a bench. 

(b) Place collet of remover inside valve seat 
insert so bottom of collet is flush with bottom of 
insert. 

(c) Hold collet handle and turn "T" handle 
to expand collet cone until insert is held secured by 
remover. 

fd) Tap drive bar once or twice to move 
insert about 1/16 inch away from its seat in 
cylinder head. 

(c) Loosen collet cone and move remover 
into insert slightly so narrow flange at bottom of 
collet is below valve seat insert. 

ff) Tighten collet cone and continue to drive 
insert out of cylinder head. 

fg> Inspect counterbores for cleanliness, 
concentricity, flatness and cracks. Valve insert 
counterbores in cylinder head have a diameter of 
1.1 59 inch to 1.160 inches, and a depth of 0.298 to 
0.302 inch. 
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f h) Immerse cylinder head for at least 30 
minutes in water heated to 180 to 200 F. 
Preheating cylinder head will expand counterbores. 

(i) Rest cylinder head, bottom side up, on 
work bench and locate insert squarely in coun- 
terbore, setting face up. Install insert in cylinder 
head while head is still hot and insert is at room 
temperature. Otherwise installation will be difficult 
and parts may be damaged. 

(j) Drive insert in place with replacer. until 
it seats solidly in cylinder head. 

(k) Grind valve seat insert and check it for 
concentricity in relation to valve guide as outlined 
below : 

(7). When a new valve seat insert is installed, 
or an old insert is reconditioned, work must be done 
as follows: 



Do not permit grinding wheel So contact 
cylinder hrad when grinding inserts. 

(a) Apply a 30-degree grinding wheel to 
valve seat insert. 

(b) Use a 60-degree grinding wheel to open 
throat of insert. 

(c) Grind top surface of insert with 15- 
degree wheel to narrow width of seat to specified 
3 / 64 to 5 / 54 inch. 30 degree insert face may be 
adjusted, relative to center of valve face with 15 to 
60 degree grinding wheels. 

(81 Maximum amount exhaust valve may 
protrude beyond cylinder head (when valve is in 
closed position) and still maintain proper piston-to- 
valve clearance is shown in figure 4-33C. Grinding 
will reduce thickness of valve seat insert and cause 
valve to recede into cylinder head. If, after several 
grinding operations, valve recedes beyond limits, 
replace valve seat insert. 

(9) After grinding has been completed, clean 
valve seat insert thoroughly and dry it with com- 
pressed air. Set a dial indicator in position, and 
rotate to determine concentricity of each valve seat 
insert relative to valve guide. Total runout must not 
exceed 0.002 inch. If a runout of more than 0.002 
inch is indicated, check for a bent valve guide 
before regrinding insert. 

(10| When a valve seat insert runout within 
the desired limits is obtained, apply a light coat of 
Prussian blue, or similar paste, to the valve seat 
insert. Lower the stem of the valve in the valve 
guide and bounce, do not rotate, the valve on the 
insert. The most desirable area of contact is at the 
center of the valve face. 

(11) Replace fuel injector lubes found 
defective during inspection as follows: 

(a) Place suitable tool in fuel injector tube. 

(b) Loosen fuel injector tube with a 



hammer, and withdraw injector tube and packing 
from cylinder head. 

(c) Place new ring (20. fig. 4-32) in cylinder 
head fuel injector tube counterbore. 

(d) Place suitable drive and pilot in fuel 
injector tube. 

(e) Slip injector tube (21 ) into injector bore 
and drive into place. Flange at upper end of tube 
will seat on packing injector tube counterbore of 
cylinder head when injector tube is proper!', 
positioned. 

(j) With fuel injector tube properly 
positioned in cylinder head, upset I flare I lower .^nd 
of injector tube. Turn cylinder head bottom side up. 
Remove pilot and thread an upsetting die ini<> 
tapped end of installer tools. 

(g) Using a socket and a torque wrench. 
apply approximately 30 pound-feet on upsetting 
die. ' 

(h) Remove fuel injector tube installing 
tool. 

(i) Place a few drops of light cutting oil 
flutes of a reamer and carefully position reamer 
fuel injector tube. 

(j) Turn reamer in a clockwise directioi 
(withdrawing reamer frequently for removal of 
chips) until lower shoulder of reamer contacts fuel 
injector tube. Clean out all chips. 

(k) With cylinder head bottom side up. 
remove excess stock by inserting pilot of suitable 
cutting tool into small hole in fuel injector tube. I se 
a socket and speed handle and remove excess stock 
until lower end of fuel injector tube is from flush to 
0.005 inch below finished surface of cylinder bead. 
With first reaming operation completed and in- 
jector tube spotfaced, wash interior of injector tube 
with mineral spirits paint thinner or dry-cleaning 
solvent, and dry with compressed air. Perform 
second reaming operation as directed in the 
following steps: 

NOTE 

Tapered lower end of fuel injector tube must 
provide a smooth and true seat for lower end of 
fuel injector nut. To determine; amount of stock 
that must be reamed from bevel seat of tube, fuel 
injector assembly should be installed in tube and 
relationship between numbered surface of spray 
tip to fire deck of cylinder head noted. 



Replacement injector tubes are semi- 
finished and have a narrow land 
machined at the beveled seat to reduce 
reaming time. Exercise extreme care 
while reaming So prevent cutting too 
deeply and possibly through tin- tl" 
wall of ihe tube. 
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(U Place a few drops of cutting oil on bevel 
seat to tube. Carefully lower reamer into fuel in- 
jector tube until it contacts bevel seat. 

(m) Make a trial cut by turning reamer 
steadily and apply slight downward force on 
reamer. Remove reamer, blow out chips, and look 
at bevel seat to see what portion of seat has been 
cut. 

(n) Proceed carefully with reaming 
operation, withdrawing reamer occasionally to 
observe reaming progress. 

(o) Remove chips from fuel injector tube 
and using an injector as a gage, continue reaming 
operation until shoulder of spray tip is from flush to 
0.015 inch below fire deck of cylinder head. 

d. Assembly. 

(}) Install the plugs (9, 13, 14 and 15, fig. 4- 
32) studs (10), and miscellaneous fittings removed 
during disassembly. 

(2) Install valves and associated components 
(para 4-38 and 4-37). 

13) Install rocker arm assemblies (para 4-37). 

(4) Position cover (7, fig. 4-32) with new 
gasket (8) and secure with bolts (5) and lock- 
washers (6). 

e. Installation. 

(1) Position new compartment gaskets, water 
seal rings, oil seal rings, and cylinder head seal strip 
in cylinder block counterbores (fig. 4-31). 



(2) Install two cylinder head guides studs in 
cylinder block and position cylinder head over pilot 
guide studs and against cylinder block using 
suitable sling, 

CAUTION 

Do not dislocate position of com- 
partment gaskets or seal rings while 
cylinder head is being lowered into 
place. 

(3) Lubricate mounting bolts (16, fig. 4-32) 
with clean OE-1 engine oil and position in cylinder 
head (11). Remove guide studs. 

(4) Tighten bolts gradually and uniformly 
using n umbered sequence (fig. 4-38). Tighten bolts 
to 170-180 pound-feet torque. 

(5) Install fuel injectors (para 4-40) and 
injector control tube (para 4-39). 

(61 Install rocker arm covers (para 4-34). 

(7) Install blower and governor assemblies 
(para 4-30). 

(8) Install air inlet housing (para 4-28) and 
air intake piping (para 4-27). 

(9) Install exhaust manifolds (para 4-25). 

(10) Install water manifolds (Refer to TM 5- 
3810-290-12). 

(11) Install fuel lines (para 4-22). 



Section XVtl. ROCKER ARMS, PUSH RODS, CAM FOLLOWERS, 
VALVES AND VALVE SPRINGS 



4-36. General 

a. Rocker Arms, Push Rods and Cam Followers. 
Three rocker arms are provided for each cylinder; 
the two outer arms operate the exhaust valves and 
the center arm operates the fuel injector. Each set 
of three rocker arms pivots on a separate shaft 
supported by two brackets. Bolts secure each 
bracket to the cylinder head. The rocker arms are 
operated by the camshaft through cam followers 
and short push rods extending through the cylinder 
head. Contact between each cam follower and the 
camshaft is effected by hardened roller in- 
corporating a pressed-in bushing, which runs 
directly on a pin in the lower end of the cam 
follower. Each follower operated in a bore in the 
cylinder head. A guide for each set of three cam 
followers is attached to the bottom of the cylinder 
head to keep the follower rollers in line with the 
cams. The rocker arms are lubricated by oil from 
an oil passage, on the camshaft side of the cylinder 



block. Oil from this passage enters the drilled 
rocker arm shafts through the lower end of the 
drilled rocker shaft bracket bolts. Excess oil from 
the rocker arms lubricates the exhaust valve guides 
and cam followers. Additional cam follower 
lubrication is provided by oil from grooves in the 
camshaft bushing bores which is jetted against the 
cam follower rollers. Clearance between the rocker 
arms and valves is accomplished by an adjustable 
clevis on the push rods. 

b. Valves and Valve Springs. Four exhaust valves 
are provided for each cylinder. They are actuated in 
transverse pairs by the valve operating mechanism. 
The exhaust valve springs are held in place by the 
valve spring caps and tapered two-piece valve locks. 
Excess oil from the rocker arms lubricates the 
exhaust valve stems. The exhaust valves are ground 
to seat on the valve seat inserts which are pressed in 
the cylinder head. Prefinished replaceable valve 
guides are pressed into the cylinder head. 



NOTE 

Several operations may be performed without 
removing the cylinder head. 

1. Adjusting valve clearance. 

2. Removing and {totalling valve springs. 

3. Removing and installing rocker arm 
shaft or shaft bracket. 

4. Removing and installing an injector. 

It is also po&aibiie to replace a push rod, spring, 
npring aeati>, and cam follower without removing 
the cylinder head. However, theoe partP arc more 
easily changed (from the lower aide of the head. 

Rocker Arms, 
Followers 

a. Removal. 
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(1) Remove the cylinder head (para 4-35). 

(2) Remove the bolts (10, fig. 4-34) that 
secure the rocker arm shaft brackets (12) to thfe 
cylinder head. Remove the brackets. 

(3) Slide the rocker arm shaft (9) out of the 
rocker arm assembly. 

(4) Place the cylinder head on its side and 
remove the capscrews (33) and lockwashers (32) 
that secure the cam roller guide (31) to the cylinder 
head. Remove the guide and cam push rod follower 
assemblies (28) from the head. 



4-69 
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Figure 4-34. Rocker arms, push rods, earn followers, valves, 
and valve springy, exploded view. 
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Key to figure 4-34 

1 . Bushing (IT)) 

2. Arm. R.H. (3) 

3. Pin (61 

4. Bridge (6) 
r >. Bushing (3) 

6. Arm 13) 

7. Bushing. Large (3) 
H. Arm. L.H. (31 

( >. Shaft 131 

10. Bolt (61 

1 1. Plug (31 

12. Bracket (6) 

13. Lock (24) 

14. Seat (121 

1 T). Spring I 1 21 

16. Seat !12I 

17. Guide 112) 

! It. Valve seat insert (121 
1 ( >. Valve (121* 

20. Pin I'M 

21. Clevis I'M 

22. NiU I'M 

23. Retainer CM 

24. Seat CM 
2f>. Spring CM 

26. Seat CM 

27. Push rod (<)) 

2H. Follower assembly I ( M 
2<). Roller CM 

30. Pin CM 

31. Guide (3) 

32. Lockwasher (61 

33. Capscrew (61 

34. Bushing (*M 



NOTE 
Quantities for one head assembly 

'Available in valve parts kil. 



(5) Loosen the nuts (22) and unscrew each of 
the push rods (27) from the clevises (21). Remove 
the push rod and spring assemblies from the 
cylinder head. 

(6) Repeat the operation on the remaining 
rocker arm assemblies. 

(7) Remove the spring seat retainer rings (23) 
from the cylinder head. 

b. Disassembly, 

(1) Depress the spring (25) and remove the 
nut (22) and push rod spring seat (24) from the 
push rod (27). Separate the compression spring 
(25), push rod spring seat (26), and push rod (27). 

(2) Drive the straight headless pin (34) from 
the cam push rod follower assembly (28) and 
separate the cam follower roller (29} from the 
follower. 

(3) Press the straight headless pins (20) from 



the rod end clevises (21) and remove the clevises 
from the rocker arms. 

i4l S'ress pins (3) from bridges (4) and rocker 
arms (2 and 8). 

(5) Remove the sleeve bushings (1 and 5) from 
the rocker arms. 

(61 Remove the sleeve bushing (7) from the 
fuel injector rocker arm (6). 

(7) Disassemble the remaining rocker arm 
assemblies in the same manner as described above. 

c. Cleaning, Inspection, and Repair. 

(1) Wash all parts thoroughly with an ap- 
proved cleaning solvent and dry thoroughly. 

(2) Clean all lubricating oil passages with 
compressed air or, if necessary, use a wire probe. 

(3) Examine the bushings and pins of the 
rocker arms and if scored, pitted, or scratched, 
replace them. 

(4) Examine the rocker arm exhaust valve and 
injector contact surfaces where they contact thr 
valve poppet and plunger lifter and if damaged o 
worn, grind to the original contour or replace them 

(5) Inspect the valve push rods for wear 01 
scoring. If the push rods have "shoulders" or 
"ridges" due to the rocker arm action on the push 
rods, replace the push rods. Replace a bent push 
rod. 

(6) Examine the cam follower rollers and pins 
for scored, pitted scratched, cracked, or out-of- 
round surfaces. Replace a damaged roller or pin. 

(7) Examine the compression springs (25) for 
cracks, breaks, pitting, bent condition, or 
weakness. Replace a damaged spring. 

(8) Examine all hardware, for cracks, breaks, 
and stripped or crossed threads. Replace all 
damaged hardware. 

NOTE 

The maximum allowable clearance between the 
rocker arm shaft and rocker arms (with or without 
bushing) is 0.004 inch. Replace shaft, bushing or 
rocker arm if this clearance is exceeded. 

d. Assembly. 

(1) Press the bushings (5 and 7) in the fuel 
injector rocker arm (6). 

(2) Press the bushing ( 1 ) in the exhaust valve 
rocker arm assemblies. 

( 3 ) Position the clevises (21) on the rocker arm 
assemblies and install the straight headless pins 
(20). 

(4) Assemble the push rod spring seat (26), 
compression spring (25) and push rod spring seat 
(24) on the push rod (27). Compress the spring and 
secure to the push rod with the nut (22). 

(5) Aline the earn follower rollers (29) in the 
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cam push rod follower assemblies 128) and secure 
with the straight headless pins (34). 

( ( ) I Reassemble the remaining rocker arm 
assemblies in the same manner as described above. 
<>. Installation. 

( \ ) i n stall the spring seat retaining ring 12 3) in 
the push rod openings in the cylinder head. 

(2) Slide the push rod and spring assemblies 
into position from the bottom of the cylinder head. 

NOTE 

The injector rocker arm assemblies Jin- slightly 
different from the exhaust valve rocker arms. The 
boss for the shaft on the exhaust valve rocker arms 
is longer on one side of the arm than on the other. 
The extended boss on each of (he valve rocker 
arms must face the injector rocker arms. 

(3) Turn the nut (22) on to the push rod as far 
as possible and screw the push rod into the rod end 
clevis (21) until the end of the push rod contacts the 
rocker arm. 

NOTK 

There is an oilhole in the bottom of the cam 
follower. Install I he cam follower with !he oilhole 
pointing away from the valve, so that the bole is 
not covered by the follower guide. 

(4) With the cam follower rollers (29) pointing 
Across the cylinder head, slide the cam push rod 
follower assemblies (28) into position over the push 
rod and spring assemblies. 

(5) Position the cam roller guides (31) on the 
bottom of the cylinder head and secure with the 
cap screws (33) and lock washers (32). 

(6) Lubricate the outer surface of the rocker 
arm shafts (9) and install in the shaft openings in 
the rocker arms (2, 6 and 8). 

(7) Install a shaft bracket (12) on each end of 
the rocker arm shaft. Aline the brackets with- 
mounting holes in top of the cylinder head and 
fasten with the bolts (10). Torque the bolts to 50- 
55 pound -feet. 

(8.) Install the cylinder head assembly (para 4- 
35). 

4-38. Valves and Valve Springs 
a. Removal. 

(1) Remove the cylinder head and sub- 
assemblies (para 4-35). 

(2) Support the bottom of the cylinder head on 
a workbench with a two-inch block placed between 
the valve head and the workbench. 

(3) Thread a valve spring compressor adapter 
into the rocker arm shaft bolt hole in the cylinder 
head. Press the handle of the compressor adapter to 
compress the valve spring (15, fig. 4-34) and 
remove the two valve seat locks (13). 

(4) Release the spring compressor adapter and 



remove the spring cap (14), valve spring (15), and 
spring seat (16). 

(5) Number the exhaust valves so they can be 
installed in the same location. 

(6) Remove the exhaust valves (19). 
6. Cleaning. Inspection, and Repair. 

( I ) Carefully scrape and wire brush all grime 
and carbon deposits from the valve stems. 

(2) Clean the valves with an approved 
cleaning solvent and wipe dry. 

(3) Inspect each valve for cracked, pitted, 
cupped, and excessively thin face. Examine the 
valve stem for scoring, warpage, or excessive wear. 
Carbon on the face of the valve indicates a faulty 
seat and a resultant lead or "blow-by". Replace a 
damaged valve or reface the valve to an angle of 
30 as instructed in c below. 

CAUTION 

The valve face angle must be identical 
to ihe valve seat insert angle. See figure 

(4) Replace any valves worn beyond the 
tolerances specified. 

(5) If a new valve is installed, the valve head 
must not protrude above the surface of the cylinder 
head. The valve seat diameter on a used valve will 
decrease after several reconditionings, so that the 
valve will rest in a lower position on the valve seat 
insert. It must not exceed 0.0240 of an inch below 
the cylinder head surface. Replace the valve if these 
limits are exceeded. 

(6) Examine the valve springs for pitted or 
broken coils, and inadequate tension. Check the 
tension with a spring tester and accurate torque 
wrench. Replace any spring if a load of less than 25 
pounds will compress the spring to less than 1.93 
inches. 

c. Valve Re facing. 

(1) Install the valve in a valve refacer tool, 
making sure the grinding wheel is properly trued, 
and set the chuck at 30 angle. Then take a light 
cut from the face of the valve, removing a small 
amount of material from the valve face. 

(2) Remove the valve from the facing tool and 
make the prussian blue test as described for the 
valve seat insert in paragraph 4-35 c (9). Regrind 
the valves if necessary. 

d. Installation. 

( 1 ) Apply a light coat of engine oil to the stem 
of the valve (19) and slide the valve into the in- 
stalled valve guides. 

(2) Hold the valve in place with a strip of 
masking tape and turn the bottom of the cylinder 
head down on the workbench. 



(3) Install the valve spring seat (16) and valve 
spring (151 on the valve stem. Install the valve 
spring cop (14) in the valve spring. 

(4) Compress the valve spring with valve 
spring compressor and install the valve spring 
locks (13) in the valve spring cap and recess of the 
v;tlve spring to lock the valve spring in place. 

(5 1 Remove the valve spring compressor by 
removing the rocker arm shaft bracket bolt. 
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(6) Install all valves according to the 
procedure described in (I) through (5 1 above. 

ivrvrL- 

Adjust valve clearai 
XXVII. 

(7) Install the sub-u 
head (para 4-35). 



Section 



II. FUEL INJECTORS AND INJECTOR CONTROLS 



4 -.'19. Injector Controls 

a. General. An injector control tube and lever 
assembly is mounted on ear.h cylinder head, and 
serves as an adjustable control element between the 
governor and throttle controls, and the fuel in- 
jectors. A minimum amount of maintenance is 
required for these units, and their removal will 
usually be required only when a cylinder head is 
removed. 

b. Removal. 

U) Remove rocker arm covers (para 4-34). 

(21 Remove cotter pins ( 5, fig. 4-35) and clevis 
pins (2). Disengage the link ( M) from the lever (3). 

(3) Remove four bolts ( ( )) and lockwashers 
(10). 



(4) Slide the assembly endwise to d 
the injector rack levers from the levers ( 
remove the assembly. 

c. Disassembly. 

(1 ) Remove pin (4), lever (3), and spi 

(2) Remove the brackets (II) and sm 

NOTK 

It is not necessary to remove the levers ( ! 
their replacement is required. 

(3) Remove six screws (13) ar 
(12) from control tube (6). 

d. Cleaning, Inspection, mid Re 
(1) Clean all parts with an ap| 

solvent. Dry thoroughly. 
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1. Cotter pin 

2. Clevis pin 
'A. Lover 

4. Pin 

X Spacer 

h. Tube assembly 

7. Pin 

{. Spring 



<). 
Id. 
1 1. 

12. 
13. 
I 4. 

i:>. 



Bolt (41 

Loc k washer (4) 

Bracket 12) 

Lever (31 

Screw (()) 

Link 

Boot 



Figure 4-.'i5. Injector control tube nnd lever assembly, exploded view. 



(2) Inspect all parts for wear and damage. 
Inspect the spring for cracks in the coils. Replace 
parts as required. 

e. Assembly. Assemble the control tube in the 
reverse order of disassembly. 
/. Installation. 

(]} Install the tube assembly on the cylinder 
head. 

(2) After engaging the levers (12) on the in- 
jector rack levers, install the bolts (9) and lock- 
washers (10). Tighten finger-tight only. 

13) Hook one end of the tube return spring (8) 
around the injector control lever 113) and the other 
end around the bracket (11). 

(4) Tighten the bolts (91 to 1012 pound-feet 
torque. 

(51 Check the operation of the control tube 
assembly by turning the unit so that the injector 
rack levers are moved all the way in (FULL FLEL 
POSITION). Release the control tube to see if the 
return spring will pull the injector rack levers all the 
wav out (NO FUEL POSITION). 



NOTE 

The injector control lube is mounted in self-alining 
hearings and lapping the tube lightly with a soft 
hammer will remove any bind that exists, fhf 
injector racks must return to the IN'0 FLEL 
POSITION freely by aid of the spring only. Do 
not bend the spring to correct any binding con- 
dition. 
(6) Final adjustment of the control tube lever? 

will be made in accordance with the instructions in 

section XXVII. 

4-40. Fuel Injectors 

a. General. The fuel injector assembly i? a 
lightweight compact unit and performs tbt> 
following functions: 

( 1 ) Creates the high fuel pressure required for 
efficient injection. 

(2) Meters and injects the fuel to the exaol 
amount required to handle the load. 

(31 Atomizes the fuel for mixing with the at'rir 
the combustion chamber. 

(4) Permits continuous fuel flow. 
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CAUTION 

Injectors are identified by a circular 
disc pressed into a recess at the front* 

side of the injector body prefer to TM5- 
3810-290-12 for correct type number). 

Use only the type specified, and never 
mix types. 
b. Removal. 

( 1 ) Remove the rocker arm covers (para 4-34). 

(2) Remove the fuel pipes from injector and 
uel connectors (fig. 4-36). 

CAUTION 

Cover injector filter caps with shipping 
caps and protect fuel pipes auid con- 
nectors to prevent entry off flirt or 
foreign material. 

(3) Rotate engine with starting motor until 
)ush rod ends, injector and valve, are alined 
lorizontally. 

14) Remove the rocker shaft bracket bolts (10, 
ig. 4-34) and swing the rocker arm assembly away 
rom the injector and valves (fig. 4-36). 

(5) Loosen the injector clarnp bolt (3, fig. 4- 
J8) and remove the bolt, special washer (2), and 
:lamp (1). 



(6) Loosen the adjusting screws (fig. 4 
the injector rack control lever and slide tl 
away from the injector. 

(7) Free the injector from its seat and 
from cylinder head. 

(8) Cover injector hole in cylinder I 
prevent dirt or foreign material from entc 

c. Initi&l Inspection and Testing. 

( 1 ) Clean the exterior of the injector 
approved cleaning solvent. Dry thorough, 
compressed air. 

( 2 ) If inspection of the injector does nc 
any external damage, then a series of tests 
be made to determine the condition of the 
prior to disassembly and overhauling. 

(3) Place the injector in an injector 
Hold the injector control rack (8, fig. 4-37 
"NO FUEL" position and depress the fo 11 " 
to the bottom of its stroke. Release the f 
the follower while moving the control 
and forth, until the follower reaches the 
travel. IF the rack does not move free 

that the internal parts of the injecto; 
or dirty. 
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Figure 4-36. Fuel injector, removal points. 



(4) Check the injector valve opening pressure. 
With the control rack in the "FULL FUEL" 
position, pump the handle of the tester and note the 
injector valve (19) opening pressure as indicated 
when the injector sprays fuel. The pressure should 
be 450-850 pounds per square inch. 

WARNING 

The injector must be positioned 
properly with relation to the spray 
deflector before testing. High pressure 
fuel spray penetrating the skin can 
cause serious infection. 

(5) Check the injector valve holding pressure 
by operating the tester pump handle until the 
pressure is just below the valve opening pressure. 
Close the fuel shut-off valve on the tester and note 



the time required for the pressure to drop. A 
pressure drop from 450 p.s.i. to 250 p.s.i. should 
not be less than 40 seconds. 

(6) Check the injector for leaks by pumping up 
the pressure on the tester to 1600 2000 p.s.i. and 
inspect the injector for leaks. 

(7) Check the spray pattern by placing the 
control rack in the "FULL FUEL" position and 
pumping the fuel pressure just below the injector 
valve operating pressure. Operate the injector 
plunger and observe the spray pattern which should 
be uniform. 

NOTE 

If any of the ab.'ve tests indicate any sign of 
malfunctioning, then the injector should be 
disassembled, repaired, or replaced. 
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1. Follower 

2. Follower Spring 

3. Filter cap (21 

4. Spring (21 

5. Gasket (21 

(>. Body assembly 

7. Filter element (21 

8. Control rack 
<>. Dowel 

1(1. Seal 

11. Upper port 

12. Valve seat 

13. Valve cage 



1 4. Valve stop 

15. Nut 

16. Spray tip 

17. Check valve 

18. Valve spring 

1 9. Injector valve 

20. Lower port 

21. Spill deflector 

22. Plunger bushing 

23. Gear retainer 

24. Gear 

25. Plunger 

26. Slop pin 



Figure 4-37. Fuel injector assembly, cross-sectional view. 
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Figure 4-38. Fuel injector assembly, exploded view. 
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Key to figure 4-38. 

1. Clamp 

2. Washer 
Bolt 
Follower 

Plunger and bushing assembly 
Following spring 
Filter cap I 2 ) 
Gasket 
Spring 

Filter element ( 2 I 
Control rack 
Pin 

Body assembly 
G ea r 

Gear retainer 
. Pin 

Spill deflector 
Preformed packing 
IN in 

Spray tip 
Check valve 
Valve cage 
V'ntve stop 
Valve spring- 
In jecl or valve 
Valve seat 
Valve assembly 
28. Stop pin 
$& Not serviced separately. 

d. Disassembly. 

(1) Place the injector assembly in a holding 
fixture in an upright position. Remove the filter 
caps (7, fig. 4-38). Discard gasket (8). 

12) Remove the helical compression spring (9) 
and fuel injector filter element (10) from the recess 
in the injector body assembly (13). 

(3) Compress the follower helical compression 
spring (6), then, using a screwdriver, raise the 
spring above the stop pin (28) and remove the pin. 
Allow the spring to extend gradually. 

(4) Remove the follower (4), plunger (5), and 
follower spring (6) from the injector body assembly 
as an assembly, and separate each part. 

(5) Invert the injector in the holding fixture 
and remove the fuel injector retaining nut (19) 
from the injector body assembly. 

CAUTION 

Lift the injector retaining nut straight 
up by hand, being careful not to 
dislodge the spray tip and valve parts. 

(6) Lift the spray tip (20), check valve (21), 
valve cage (22), valve stop (23), valve spring (24), 
injector valve (25), and valve seat (26). 

(7) Remove the spill deflector (17) and 
preformed packing (18) from the fuel injector 
retaining: nut (19). 

(8) Remove the plunger and bushing assembly 
(5), gear retainer (15), and gear (14), from the 
injector body assembly. 



(9) Remove the control rack (11) and straight 
headless pin (12) from the injector body assembly. 
e. Cleaning, Inspection, and Repair. 

(II Discard the filter element. Clean all in- 
jector parts with an approved cleaning solvent and 
dry with filtered compressed air. 

(2) Inspect the packing surface of the injector 
body for burrs or scratches. Inspect the injector 
body for cracks, breaks, or damaged parts. Replace 
a damaged injector body. 

NOTE 

Most injector troubles result from dirt particles, 
therefore, it is essential that a clean area be 
provided on which lo place injector parts after 
disassPrnbly and cleaning. 

13) Inspect the spray tip, disk, injector valve 
cage, spray tip valve, injector valve seat, plunger 
and bushing assembly, and bushing surface of the 
injector body with a magnifying glass for scoring or 
other damage. These parts of the injector have 
lapped finish and if any of the parts are damaged, 
new parts must be installed. 

(4) Inspect the teeth on the control rack anr 1 
spur gear for excessive wear or damage. Repla( 
the eear and rack if damaged. 

(5) Inspect the spray tip and spray tip seat c 
the fuel injector retaining nut for carbon deposits. 
Remove all carbon deposits. 

(6) Clean the spray tip orifices, plunger and 
bushing assembly, and rack opening in the injector 
body with a suitable tool. 

(7) Before installing used valve parts, all 
sealing surfaces must be lapped, with the exception 
of the slot in the injector valve seat. If new valve 
parts are installed, lightly lap the sealing surfaces. 

(8) To inspect the plunger and the plunger 
bushing, install the plunger bushing on the plunger 
and revolve. The bushing must spin freely on the 
plunger. The plunger bushing and plunger are 
matched parts. They must be considered as one 
piece, and if one is replaced, both must be replaced. 

CAUTION 

Do not handle the plunger excessively 
as perspiration may cause rust and 
sticking in the plunger bushing. Im- 
merse injector parts frequently in clean 
fuel oil to prevent this. 
/. Assembly. 

(1) Dip each part of the injector body 
assembly in clean fuel oil immediately before it is 
assembled. 

(2) Hold the injector body assembly (13) 
upright and assemble new fuel injector filter 
elements (10) in each of the cavities of the injector 
body. Place a helical compression spring (9) above 
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each filter element and a new gasket (8) against the 
shoulder of each filter cap (7); lubricate the 
threads of the filter injector caps and tighten to the 
filter body to 65 to 75 pound-feet torque. 

NOTE 

When assembling the filler elements, always 
position the dimple at the bottom of the fuel 
opening. 

13) With the injector inverted, slide the control 
rack (11) through the hole in the body so the two 
marked (eetli are visible. The two teeth of the 
control rack at match-marked with the gear (14). 
For the correct timing, position the marked tooth of 
the gear between the two marked teeth on the rack. 

14) Position the injector gear retainer (15) 
down on top of the gear (14) and the plunger and 
bushing assembly (5) down onto the retainer, with 
the locating pin in the bushing guided into the slot 
of the injector body. Slide the spill deflector (17) 
into the fuel injector retaining nut (19) and the 
preformed packing (18) on the injector body. 

(5) Support the injector body in a holding 
"ixture, valve end up. Place the valve seat (26) on 

he end of the plunger and bushing assembly (5). 

nsert the stem of the injector valve (25) in one end 
of the valve spring (24) and valve stop (23) in the 
opposite end of the valve spring. Lower the valve 
cage (22) and position the valve cage on the valve 
seat. 

(6) Centrally located the check valve (21) on 
the cage and place the spray tip (20) over the valve 
and against the cage. 

(7) Lubricate the thread of the fuel injector 
retaining nut (19) and pilot the nut over the spray 
tip. The spray tip will slide through the hole in the 
small end of the retaining nut. 

(8) Screw the retaining nut in place by hand, 
making sure that the valve assembly does not shift. 
Do not tighten the nut. 

(9) Slide the head of the plunger (5) into the 
follower (4) and insert the plunger through the 
follower spring (6). 

(10) Invert the position of the injector in the 



holding fixture, filter injector cap up, and push the 
control rack (11) all the way in ; insert the free end 
of the plunger into the top of the injector body 
assembly (13). 

(11) Start the stop pin (28) into position in the 
injector body so that the bottom coil of the follower 
spring ((>) rests on the narrow flange on the stop 
pin. Then, with the slot in the follower (4) and the 
hole in the injector body in alSnement for the stop 
pin and flat side of the plunger positioned to engage 
the flattened side of the spur gear, press down on 
die top of the plunger lifter and at the same time 
press the follower stop pin into position. The stop 
pin will slip into position as soon as the slot in the 
followers and hole in the injector body come in 
alinenienl. When in place, the spring will hold the 
stop pin in position. 

(12) Invert the fuel injector assembly in the 
holding fixture and tighten the fuel injector 
retaining nut (19) to 55-65 pound-feet torque. 

(13) Install the straight headless pin (12) into 
the injector body assembly. 

(14) Test the assembled injector as outlined in 
subparagraph c above. 

g. Installation. 

( 1 ) Before installing a fuel injector assembly, 
be sure that the beveled seal of the injector tube is 
free from dirt and carbon deposits. 

(2) Position the injector assembly in the in- 
jector tube with the locating pin registering with the 
locating hole in the cylinder head, and with the pin 
on the injector control rack. 

(3) Install the fuel injector in the reverse order 
of removal. 

CAUTION 

Overtightening of the injector clamp 
capscrew may cause the injector rack to 
bind and result in uneven running of 
the engine. 

(4) Time the replaced injector assemblies and 
perform the interlocking adjustments as outlined in 
Section XXVII. 



SectsonXIX. CRANKCASE OIL PAN ANDOIL 1NLETTUBE 



4-41. Crankcase Oil Pan 

a. Removal. 

(1) Remove drain plugs (4, fig. 4-39) and 
drain oil pan. 

(2) Remove elbows (6 and 8) and pipe (7 ). 

(3) Remove screws (3), lockwashers (2), oil 
pan (5) and gasket (1). Discard the gasket. 



CAUTION 

Do not damage oil inlet tube and screen 
when removing pan. 
b. Cleaning, Inspection, and Repair. 

(}) Clean the oil pan with an approved 
cleaning solvent. Dry with compressed air. 

(2) Inspect the oil pan for porosity or cracks. 



(3) Remove all traces of gasket material from 
bottom of engine block and oil pan. 

(4) Inspect the machined edge of the oil pan 
for warpage or uneveness by placing on a surface 
pi ate or other large flat surface. 

( "> ) Inspect the drain plugs for damaged 
threads. 

c. Installation. 

( I ) Affix a new gasket ( 1 ) to the oil pan (5). 

(2) Install the oil pan with the screws (3). 
lock washers (2). Tighten the screws alternately and 
evenly to avoid damaging the gasket or springing 
the pan. 

<3) Install elbows ((> and 8) and pipe (71. 

(4) Replace and tighten the drain plugs (4). 

( !~> ) Service the crankcase in accordance with 
the current lubrication order. Start the engine and 
('heck the oil pan for leaks. 

4-42. Oil leileS Tube and Screen 
it. Removal. 

I I ) Drain crankcase and remove oil pan (para 
4-41). 

(2) Remove the capscrews II and 4, fig. 4-40) 
and lock washers (2 and 5). 



(3) Remove the tube and screen as an 
assembly. 

b. Disassembly. 

(1) Remove the capscrews ((>) and lock- 
washers (7). 

(2) Remove the screen (8) and gasket (9). 
Discard the gasket. 

c. Cleaning, Inspection, and Repair. 

(1) Clean all parts with an approved cleaning 
solvent. Dry thoroughly with compressed air. 

(2) Inspect the tube and screen for damage 
(cracks, punctures, etc.). Replace as required. 

(3) Clean the tube and screen thoroughly to 
insure that no deposits will impede the flow of oil. 

d. Assembly. 

(1) Install the screen (8), new gasket ( ( >) on 
the oil inlet tube (3). 

(2) Attach the assembly to the support 
bracket (10) with capscrews (0) and lockwasher.s 
(7). 

e. Installation. Install the assembly in t 
reverse of removal. 
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1. Gasket 

2. Lockwashor 122) 

3. Screw 122) 

4. Plug 121 



5. Oil pan 

(). Elbow 

T. Pipe 

8. Elbow 



Figure 4-39. Crankcase oil pan, exploded view. 
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1. Capscrew 

2. Lockwasher 

3. Inlet tube 

4. Capscrew 

5. Lockwasher 



6. Capscrew 

7. Lockwasher 

8. Screen 

9. Gasket 
10. Bracket 



Figure 4-40. Oil pump inlet tube and screen assembly, exploded view. 



Section XX. FLYWHEEL AND FLYWHEEL HOUSING 



4-43. Flywheel 

a. General. The flywheel is attached to the rear 
end of the crankshaft with six bolts, and is 
machined to provide a true alinemem with a torque 
converter drive. A ring gear is secured to the 
flywheel periphery to engage with the starting 
motor drive for cranking purposes. 



NOTE 

The rugged construction of the flywheel makes 
necessity for service on this part very remote. 
However, its removal is required for other service 
functions. 
b. Removal. 

(1) Remove the bolts (8, fig. 4-41) and scuff 
plate (7). Reinstall one bolt. 
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(2) Attach a lilting tool to the flywheel. Attach 
a chain hoist or other lifting device to the Sifting tool 
and remove the one bolt. 

(3) Withdraw the flywheel (6) from the 
crankshaft and flywheel housing. 

c. Cleaning, Inspection, and Repair. 

(1) Clean all parts with an approved cleaning 
solvent. Dry thoroughly with compressed air. 

(2) Inspect the flywheel for cracks or scoring. 

NOTE 

If any machining is required, do not remove more 
than 0.020 inch of material and maintain all radii. 

(3) Inspect the ring gear for cracked, broken 
or missing teeth. Replace as required. 



Key to figure 4-41. 

1. Gasket 

2. Gasket 

3. Housing 

4. Lock washer 

5. Bolt 

(>. Flywheel 

7. Plate 

8. Bolt 
<>. Plug 
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(41 To replace the ring gear, support the 
flywheel, crankshaft side down, on a solid flat 
surface slightly smaller in diameter than the ring 
gear. With a suitable drift and hammer, drive the 
ring gear off the flywheel, working progressively 
around the circumference to avoid binding. 

(5) To install new ring gear, support flywheel 
on solid, flat metal surface, ring gear side up. 

NOTE 

Do not overheat gear. Keep below 400 degrees F. 
U se a "heat" crayon to avoid overheating. 

(6) Heat ring gear uniformly with acetylene 
torch. 

(7) Place expanded ring gear on flywheel and 
tap into place against shoulder of flywheel. 

d. Installation. Install the flywheel in reverse 
order of removal. Tighten bolts to a torque of ISO- 
MO pound-feet. 

4-44. Flywheel Housing 
a. Removal. 

(\) Remove the starting motor from the 
flywheel housing (para 4-13). 

(2) Remove the oil pan (para 4-41). 

(3) Remove the fuel pump (para 4-23). 

(4) Remove the power steering pump (para 4- 
17). 

(51 Remove the tachometer drive assembly 
(para 4-19). 

(6) Remove the flywheel (para 4-43). 

(7) Remove the flower drive cover, blower 
drive shaft retainer ring, blower drive shaft, and 
blower drive support (para 4-30). 

(8) Thread two pilot studs into the cylinder 
block to guide the flywheel housing until the oil seal 
clears the end of the crankshaft. 

(9) Insert eyebolts into tapped holes of 
flywheel housing. Attach a sling and suitable lifting 
device. 

(10) Remove all of the bolts attaching the 
housing to the cylinder block. 

Table 4-3. Flywheel Housing Bolt Data 



Bolt size 


Quantity used 


,">/ 16-18X 21/2 Lg. 


2 


y R -ir>X2'/ 2 Lg. 


12 


%-K>X2% Lg. 


2 


%-l(>X3-y, Lg 


6 


%-24X 3 '/i Lg. 


o 



(11) Tap each side of the housing alternately 
with a soft hammer to loosen and work it off the 
dowel pins. 

(12) After removing the housing, remove all 
traces of old gasket material from the flywheel 
housing and cylinder block rear end plate. Discard 

the gaskets. 

b. Cleaning, Inspection, and Repair. 

(1) Clean the flywheel housing with an ap- 
proved cleaning solvent. Dry thoroughly with 
compressed air. 

(2) Inspect the housing for cracks or other 
damage. Replace if housing is damaged. 

(3 ) Remove the crankshaft rear oil seal (6, fig. 
4-51) by placing the housing, flywheel side down, 
and driving out seal with suitable remover tool. 

(4) Clean and inspect bore. Remove all 
sealant compound. 

(5) Turn housing over. Coat outside of new 
seal lightly with a non-hardening sealant. Position 
sea! with lip facing down. Drive seal into housing, 
using suitable installation tool, until seal is flush 
with outside face of housing. 

(6) Wipe excess sealant from seal and 
housing. 

c. Installation. 

(1) Lubricate the gear train teeth with clean 
engine oil. 

(2) Affix new gaskets (1 and 2, fig. 4-41) to 
the rear face of the cylinder block end plate. 

(3) Apply a light coat of cup grease to the 
crankshaft rear oil seal. 

(4) Thread two pilot studs into engine block, 
Place oil seal expander over end of crankshaft. 

(5) Position the flywheel housing over the 
crankshaft and up against the rear end plate and 
gaskets, holding the oil seal expander in place by 
hand. 

(6) Install the flywheel housing bolts (5) and 
lockwashers (4) (table 4-3) and washers. 

(7) Start at bolt No. 4 (fig. 4-42 A) and draw 
up the bolts snugly in the sequence shown. 

(8) Tighten the bolts, beginning with No. 1 
and follow the sequence given in figure 4-42B. 
Tighten to torques specified in following table 4-4. 

Table 4-4. Flywheel Housing Bolt Torque Data 



NOTE 
When removing the above bolts, note the location 



Bolt No. (fig. 4-42B) 


Torque (Ib.-ft.) 


13. 14 
<)thni 12 
Remaining bolts 


1923 
4045 
2530 
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7). 



(11) Install the tachometer drive assembly 
4-19). 

(12) Install the fuel pump (para 4-23). 

(13) Install the power steering pump (para 4- 



(14) Install the oil pan (para 4-41). 

(15) Install the starting motor (para 4-13). 
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FLYWHEEL HOUSING BOLT TIGHTENING 
SEQUENCE (OPERATION 1) 

A 




FLYWHEEL HOUSING BOLT TIGHTENING 
SEQUENCE (OPERATION 2) 
B 
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Figure 4-42. Flywheel housing bolt tightening sequence. 



Section XXI. GEAR TRAIN AND CAMSHAFTS 



1-45. Gear Train 

Fhe gear train consists of a crankshaft timing gear 
(fig. 4-43) an idler gear, camshaft gears, and ac- 
:essory drive gear. Since the camshaft gears mesh 
with each other and run at the same speed at the 
crankshaft gear; timing marks stamped on the face 
of the gears (fig. 4-43) must be observed when 
installing the gears. Gear train noise is usually 
attributable to excessive gear lash, chipped, burred 
gear teeth, or excessive bearing wear. When such 
noise develops, the flywheel housing should be 
removed and the components of the gear train 
inspected. 



NOTE 

The backlash between the mating gears of the gear 
train should be 0.0030.005 inch. This 
dimension does not apply to blower drive gears. 
When one gear is replaced in the gear train, 
re placement of all gears is recommended. 

4-46. Camshafts 
a. Removal. 

(II Remove fan assembly (para 4-6). 

(2) Remove water pump drive belt (Refer to 
TM 5-3810-290-12) and water manifold. 



CAMSHAFT 
GEAR 



CAMSHAFT 
GEAR 




ACCESSORY 
c DRIVE GEAR 



CRANKSHAFT 
TIMING GEAR 
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Figure 4-43. Ger train and liming marks. 



soft jaws. Drill, tap, and remove the plugs in each 
end of the camshaft. 

c. Cleaning, Inspection, and Repair. 

( 1 I Clean all parts with an approved cleaning 
solvent. Make sure the oil passages in the camshaft 
are clean and free from any obstructions. Dry 
thoroughly with compressed air. 

(2) Inspect the cam lobes and bearing jour- 
nals. If badly scored or worn, replace the camshaft. 
See Table 4-5 below. 

NOTE 

If the cam lobes are scored, inspect the cam 
followers I para 4-!$7t. 

Table 4-5. Camshaft Dimensional And Wear Limit Data 



Item 
(Standard size) 


New Part 


Wear 

Limit 
(inches) 


Minimum 
(inches) 


Maximum 
(inches) 


CAMSHAFT 








Shaft diameter ut bearings 


2.1820 


2.1825 




Thrust washer thickness 


0.208 


0.210 




End thrust 


0.008 


0.015 


0.01'J 


CAMSHAFT BEARINGS 








Bearing-inside diameter 


2.187 


2.188 




Clearance-bearing to shaft 


0.004=) 


0.006 


0.008 



Remove alternator (para 4-11). 
Remove cylinder heads (para 4-35), 



(3) 

(4) 

(5) Remove flywheel housing (para 4-44). 

(01 Remove the bolts (13, fig. 4-44) and lock- 
washers (12) which attach the gear nut retainer 
plates (1!). Remove the retainer plates. 

(7) Wedge a clean rag between the camshaft 
gears (10) and remove the nuts (1) from each end 
of the camshaft. 

NOTE 

The two camshafts in the engine are identical witli 
the exception of the drive gears; one is a right- 
hand helix gear, and the other, a left-hand helix. 

(8) With two heavy screwdrivers or pry bars, 
remove the pulleys (balance weights (2)). 

(9) Remove the upper front cover (para 4-53). 
( 10) Remove the spacer (3) and oil slinger (4) 

from each camshaft (6). 

(11) Remove the thrust washer retaining bolts 
(9). 

(12) Remove the camshaft (6), thrust washer 
(8) and gear as an assembly from the rear end of 
the cylinder block. 

b. Disassembly. 

(1) Support the camshaft assembly in an 
arbor press. Press the camshaft (6) from the gear 
(10). Remove the thrust washer (8), key (5), and 
spacer (7) from the camshaft. 



d. Assembly. 

(1) Place the rear camshaft spacer (7) and 
thrust washer (8) over liming gear end of the 
camshaft (6 

(2) Install the key (5) and gear (10). 

(3) Press the camshaft gear (10) against the 
shoulder on the camshaft and secure with nut (1), 

e. Installation 

(1) Lubricate the camshafts with clean engine 
oil and insert carefully into the bearings. 

CAUTION 

Be sure the timing marks are properly 
alined (fig. 4-43) after the gears are 
installed. 

(2) Install the oil slinger (4) and spacer (3) o n 
both camshafts. 

(3) Install the upper front engine cover (para 
4-53). 

(4) Install the pulleys (2) and keys (5| ( 
securing with nuts (2). 

(5) Check the clearance between the thrust 
washer and gear maximum clearance is 0.008 to 
0.015 inch with new parts; 0.019 inch with u se( j 
parts. Secure thrust washer (8) with retaining bolts 
(9). Tighten bolts to 30 35 pound-feet torque, 

(6) Install the retainer plates (11), bolts ( 13| 
and lockwashers (12). Tighten the bolts to 35-30 
pound-feet torque. : 
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(7) Check backlash between mating gears. 

NOTE 

Backlash for new gears is 0.003 to 0.005 inch and 
not to exceed 0.007 inch for used gears. 

(8) Install flywheel housing, cylinder heads, 
etc. in reverse order of removal (para 4-46 a II ) thru 
(S). 
4-47. Camshaft Bearings 

a. General. The camshafts are supported by (our 
bearings (bushing-type) (14, fig. 4-44) pressed into 
bores in the cylinder block. Two intermediate and 
two end bearings are used for each camshaft. 

NOTE 

The camshaft end bearings must be removed prior 
to the removal of the intermediate bearings. 



When removing benrings be sure to 
note the position of dhe bearings in the 
cylinder bore with respect to the notch 
in the bearing. All bearings must be 
replaced in the same position. 
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b. Removal. 

(1) Remove the camshafts (para 4-46). 

(2) Before removing the camshaft bearings, 
measure the camshaft bearing journal diameters 
and inside diameter of the camshaft bearings. If the 
dimensions do not exceed those given in Jable 4-5 
above, do not replace the camshaft bearings. 

(3) If bearing replacement, is required, remove 
the end bearings with a suitable tool set. 

(41 Remove the intermediate bearings with the 
above tool set. 
c. Installation. 

NOTE 

When installing camshaft bearings, the notch 
must be located in the same position in the bore as 
the notch in the original bearings. 

(II With installing tool set, install the in- 
termediate bearings in the cylinder block. 
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2. Pulley 

3. Spacer 

4. Slinger 

5. Key (2> 

(). Camshaft assembly 

7. Spacer 

8. Thrust washer (21 
<)! Bolt (41 

10. Gear (1 R.H. helix and 1 L.H. helixl* 
1 1 . Retainer 

12. Lockwasher 14) 

13. Bolt (41 

14. Bearing (41 

St-The two assemblies are identical except as noted. 

NOTE 

The right rear and left front intermediate bearings 
must be ">.54 inches from rear and front face of 
block respectively. The right front and left rear 
intermediate bearings must be 6.66 inches from 
front and rear face of block respectively. 

(2) Install the front and rear bearings with 
installing tool. The bearings when installed 
properly will be flush with the face of the block. 

(3) Install camshafts (para 4-46 e). 

4-48. Idler Gear 

a. Removal. 

(1) Remove the flywheel housing (para 4-44). 

(2 ) Remove the rear idler thrust washer ( 1 , fig. 
4-45). 

(31 Slide the idler gear (2.) off the hub (4). 

(4) Remove the bolt (5) which secures the hub 
to the cylinder block. 

(5) Remove the front thrust washer (1) and 
hub as an assembly and separate. 

b. Cleaning, Inspection, and Repair. 

(\) Clean all parts with an approved cleaning 
solvent. Dry with compressed air. 

(2) Inspect the gear teeth and bearing (3) for 
scoring, pitting, arid wear. Replace gear and 
bearing as required. 

(3) Inspect thrust washers for wear. Replace 
as required. 

NOTE 

The standard inside diameter of the idler gear 
bearing is 2.186 inches and the standard outside 
diameter of hub is 2.1825 2.1835 inches. 
Maximum wear limit is 0.007 inch. The standard 
side clearance between thrust washer and idler 
gear is 0.006 0.013 inch with maximum wear 
limit of 0.017 inch. 

Key to figure 4-45. 

1. Thrust washer (2( 

2. Gear 

3. Bearing 

4. Hub 

5. Bolt 
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Figure 4-45. Idler gear assembly, exploded view. 

c. Installation. 

(1) Position inner thrust washer (1) on for- 
ward end of hub (4) with flat inside diameter of 
thrust washer over the flat of hub and with the oil 
grooves facing toward the idler gear. 

(2) Place the small end of the hub through the 
rear end plate and aline the hub temporarily in the 
cylinder block with two %-16 x 21/2 inch pilot bolts. 

(3) Secure the hub to the cylinder block with 
bolt (5). Tighten to 40-45 pound-feet torque and 
remove the two pilot bolts. 

(4) Lubricate the hub and idler gear bearing 
with clean engine oil. 

(5) Install the idler gear (2) on the hub. Make 
sure the timing marks (fig. 4-43) are matched to the 
crankshaft timing gear and camshaft gears. 

(6) Install second thrust washer (1) on hub 
with oil grooves facing the idler gear and flat of 
inside diameter alined with flat of hub. 

(7 ) Install flywheel housing and accessories as 
outlined in paragraph 4-44. 

4-49. Crankshaft Timing Gear 

a. Removal. 

(1) Remove the flywheel housing (para 4-44). 

(2) Attach a suitable puller to the crankshaft 
timing gear and pull the gear from the crankshaft. 

b. Cleaning and Inspection. 

(1) Clean the crankshaft timing gear with an 
approved cleaning solvent and dry thoroughly. 
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12) Inspect the gear teeth for wear, pitting or 
scoring. Replace as required. 
c. Installation. 

( 1 ) Start the gear on the crankshaft with the 
timing marks facing out and the keyway alined 
with woodruff key in crankshaft. 

(2) With a suitable driver, drive the 
crankshaft timing gear up against the shoulder on 
the crankshaft. 

(3) Install the flywheel housing and ac- 
cessories as outlined in paragraph 4-44. 

4-50. Accessory (Fuel Pump} Drive Gear 

a. Removal. 

(1 ) Remove the flywheel housing (para 4-44). 

(2) Remove two capscrews (22), (fig. 4-22) 
and drive adapter (23) from the gear (27). 

(3) Remove the retaining holt (24), washer 
(25), thrust washers (26), gear (27), and hub (28) 
from the rear end plate. 

b. Cleaning, Inspection, and Repair. 

(1) Clean all parts with an approved cleaning 
solvent and dry thoroughly with compressed air. 

(2) Remove scoring with fine crocus cloth. 

(3) Inspect thrust washers (26) for excessive 
wear. Thrust washers must be 0.158 1.060 inch 
thick. Replace thrust washers if worn beyond 0.158 
inch in thickness. 



(4) Inspect the drive gear bearing and hub for 
wear. Inside diameter of bearing must be 1.122 
1.123 inches and the outside diameter of gear hub 
must be 1.12001.1205 inches. Clearance be- 
tween hub and drive gear bearing is 0.002 0.003 
inch for new parts with a maximum wear limit of 
0.007 inch. Replace parts worn beyond above 
limits. 

NOTE 

Drive fjear and drive gear bearing must be 

replaced as an assembly. 
c. Installation. 

(1) Lubricate the drive gear, bearing thrust 
washers, and hub with clean engine oil. 

(2) Assemble the thrust washers (26) and gear 
(27) on the hub (28) with the oil grooves in the 
thrust washers facing the gear. 

(3) Install the hub and gear assembly in the 
end plate and block with the drive gear teeth in 
mesh with the right camshaft gear. 

(4) Secure in place with washer (25) and bolt 
(24). Tighten the bolt to 71-75 pound-feet torque. 

(5) Measure clearance between gear and 
thrust washers. This should be 0.011 0.022 inch. 

(6) Attach the drive adapter (23) to the drive 
gear with two capscrews (22). 

(7) Install the flywheel housing and ac- 
cessories as outlined in paragraph 4-44. 



Section XXIS. CRANKSHAFT PULLEY AND TRUNNION MOUNT 



4-51. Crankshaft Pulley 
a. Removal. 

(1) Remove fan drive belts (refer to TM 5- 
3810-290-12). 

(2) Remove the crankshaft retaining bolt (1, 
fig. 4-46), washer (2), and pulley (3) from the 
crankshaft. 

6. Cleaning, Inspection, and Repair. 

(1) Clean all parts in an approved cleaning 
solvent and dry thoroughly. 

( 2 ) Inspect pulley for cracks, worn grooves, or 
shaip edges that may damage fan belts. Replace a 
pulley that is cracked or worn. 

c. Installation. 

( 1 ) Install pulley (3 ) on crankshaft and secure 
with washer (2) and retaining bolt U). Torque the 
bolt to 200-220 pound-feet torque. 

(2) Install and adjust fan belts (refer to TM 5- 
3810-290-12). 



4-52. Front Trunnion Mount 

a. Removal. 

(1) Remove crankshaft pulley (para 4-51J. 

(2) Remove two capscrews (6, fig. 4-46). 
lockwashers (5), trunnion cap (4), and trunnion 
base (11). 

(3) Use a flat screwdriver and pry the ring 
cushion (10) from the front engine support (7), 

(4) Remove six capscrews (9), lockwashers 
( 8 ) , and the front engine support ( 7 ) from the lo\ver 
front engine cover. 

b. Cleaning, Inspection, and Repair. 

(1) Clean all metal parts with an approved 
cleaning solvent and dry with compressed air. 

(2) Clean the rubber ring (10) with a damp 
cloth and dry. 

(3) Inspect all parts fr cracks and 
Replace as required. 
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c. Installation. Install the front trunnion mount 
in the reverse order of removal. 



5 K^ 
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1. Bolt 

2. Washer 

3. Pulley 

4. Cap 

5. Lockwasher (2) 

6. Capscrew 12} 



7. Support 

tt. Lockwasher (6) 

( ). Capscrew (6) 

10. Ring cushion 

11. Base 



Figure 4-46. Crankshaft pulley and front trunnion mount, exploded view. 

Section XISI. FRONT COVERS, &IL PUMP, AMD OIL PRESSURE 

REGULATOR VALVES 



4-53. Front Covers 

a. General. The front cover is divided into an 
upper cover, which carries the camshaft seals; and 
the lower cover houses the lubricating oil pump. 
Removal of the upper cover can be accomplished 
without removal of the engine, however engine 
removal is necessary for removal of the lower cover. 



b. Upper Front Cover. 
( \ } Removal. 

fsj Remove the fan assembly (para 4-6). 
(b) Remove the alternator drive belts 
(Refer to TM 5-3810-290-12). 

fc) Remove the water pump drive belts 
(Refer to TM 5-3810-290-12). 
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. n f;r 4-44) and 
(d) Remove the nuts (1, fig- ** ' 
pulley, <2) from the camshaft assembles. Remove 

' 



4-471 and lockwashers (5). 

f/jTap the front cover (2) with a soil 
hammer and'remove from cylinder block w.th 
gasket (?>). Discard the gasket. 



(fr) Remove the <>il seals (9) by supporting 
the inner face of the cover on wood blocks and 
driving the seals out with a suitable driver. 
(2) ('.leaning, inspection, and Repair. 

(u) Clean all parts with an approved 
cleaning solvent and dry thoroughly. 

(l>) Suspect the rover for cracks or damaged 
,. ( lg ( >s on machined surfaces. Replace as required, 





/KJV 
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). Plug 12) 

2. Upper front cover 

3. Gasket 

4. Pin 121 

/i. Lockwasher 



. 

~ . C.Hpsrrew '101 

H. C".apscr<w I .> I 

<). Sral 2I 



* Installation. 
(a) Install new seals (9) in the cover by 



Figure 4-47. Upper front engine rover, exploded ru-ir. 

(H Wipe off excess sealant. 



coating the bore in the cover with a non-hardening (^Install cover on engine <- 

sealant. Position a new seal, with lip facing toward cap 



i-hardemng <>l I nstaii eo\ er < -^ , s 

n i l -nd lockwasnei- 

nng toward capserews U>, . and 01 .n 
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r. Lower Front Cover. 
( 1 ) Removal. 

(a) Remove fan belts (refer to TM 5-3810- 



(b) Remove the crankshaft pulley retaining 
holt (1, fig. 4-46) and washer (21, and pulley (31 
from the crankshaft. 

(c) Remove the front trunnion mount (para 

4-r>2). 

(d) Remove the oil pan (para 4-41). 

((>) Remove the oil inlet tube and screen 
(para 4-42). 

if) Remove twelve capsorews (1 7, fig. 4-481 
and lock washers (161. 

(g) Strike the cover assembly with a soft 
hammer to free the cover from the dowels in the 
front of t'ne block. Pull the cover assembly straight 
off the end of the crankshaft. 

(h) Remove and discard gasket (3). 
( 2 > D isasscm b ly. 

(a) Remove the oil pump assembly (para 4- 
54 I. 

(b) Remove the two oil pressure regulator 
valves (para 4-55). 

(c) Remove the crankshaft front seal ( 1 ) by 
supporting the front cover (2), front down, on two 
wood blocks. Drive the seal out with a suitable tool. 

(31 Cleaning, Inspection and Repair. 

(a) Clean all parts with an approved 
cleaning solvent and dry thoroughly. 

(b) Inspect cover for cracks or burrs, at oil 
seal bore, valve bores, and on machined surfaces. 
Inspect drilled and tapped holes for cracks or 
damaged threads. Replace as required. 

(4) Assembly. 

(a) Coat the oil seal bore with non- 
hardening sealant. 

(b) Place the cover (2 I inner face down, in 
an arbor press and press the oil seal (1) into the 
cover until flush with the outside face of cover. The 
seal must be installed with the seal lip toward the 
inner face of the cover. 

NOTE 

If the crankshaft is worn excessively at the point 
where the seal makes contact, the seal may he 
pressed into the front cover '/a inch from the 
outside surface. 

(c) Remove any excess sealant. 

(d) Install the pressure regulator valves 
(para 4-55). 

(e) Install the oil pump (para 4-54). 
(5) Installation. 

(aMffix a new gasket (3) to the front cover 
(2). 

ffejlnstall an oil seal expander over the end 
of the crankshaft. 



(c) Thread two ; Va-16 x 8 inch pilot studs 
into two diametrically opposite bolt holes in the 
block to guide the cover in place. 

(d) Apply a light coat of cup grease to the lip 
of seal (1). 

(e) Slide the cover over the seal expander 
and pilot studs until the inner rotor (10) of the oil 
pump contacts the pump drive gear (9) on the 
crankshaft. Rotate the crankshaft as required to 
aline the teeth and push the cover against the block. 
Do not force the cover. 

(f) Remove the seal expander and pilot 
studs. 

(g) Install the capscrews (IT) and lock- 
washers (16). Torque the capscrews to 30 35 
pound-feet torque. 

(/^Install the oil inlet tube and screen (para 
4-42). 

(i) Install the oil pan (para 4-41}. 

f/V Install the front trunnion mount (para 4- 
52). 

(k) Install the crankshaft pulley (para 
51). 

^Install the fan belts (refer to TM 5-3810- 
290-12). 

4-54. Oil Pump 

a. General. The oil pump is assembled to the 
inside of the lower engine front cover. The pump is 
of the rotor type in which the inner rotor is driver 
by a gear pressed on the front end of the crankshaft 
Oil is drawn from the crankcase through the oi 
pump inlet pipe to the pump inlet ports. Oil is ther 
forced out of the pump under pressure through th< 
discharged port into a passage in the front covei 
which leads to the oil cooler and filter and is ther 
distributed throughout the engine. Stabilized oi 
pressure is maintained by means of regulator valve 
installed in the lower front cover. 

b. Removal. 

(1) Remove the lower front cover (paj 
53 c). 

(2) Remove the six capscrews (14, fi{ 
and lockwashers (13) which attach the 
assembly to the front cover (2). Withdrt.. 
pump assembly. 

c. Disassembly. 

(1) Remove the drivescrews (15), and remc 
the cover plate (8) from the pump body (12). 

(2) Remove the inner (10) and outer (11) 
rotors from the pump body. 

d. Cleaning, Inspection, and Repair. 

(1) Clean all parts with an approved cleaning 
solvent. Dry with compressed air. 

(2) Inspect the lobes of the rotors for wear, 
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scratches, or burrs. Inspect surfaces of housing and 
cover plate for scratches or scoring. Remove 
scratches or light scoring with a fine grit abrasive 
stone. 

(31 Inspect the splines of the inner rotor for 
excessive wear. Replace as necessary. 

(4) Measure the clearance between inner and 
outer rotors at each lobe with a feeler gage (fig. 4- 
49 a ). Replace rotors if listed clearance is exceeded. 

(5) Measure clearance from face of pump body 
to side of inner and outer rotors (fig. 4-49 ) . Replace 
rotors (matched set) if specified clearance is ex- 
ceeded. 

e. Assembly. 

( 1 ) Install the outer rotor (11, fig. 4-48) in the 
pump body (12). Position the inner rotor (10) in 
the outer rotor. 

(2) Install the cover plate (8) and secure with 
new drive screws (15) to hold the assembly 
together. 

/. Installation. 

(1) Install the pump assembly in the front 
cover and secure with capscrews (14) and lock- 
washers (13). Torque the bolts to 13-17 pound-feet. 

(2) Install the lower front cover on the engine 
(para 4-53). 

(3) Install the oil inlet tube and screen (para 4- 
42). 

(4) Install oil pan (para 4-41) and service 
engine in accordance with current lubrication 
order. 

4-55. Oil Pressure KeguJalor Valves 

a. General. The engine is equipped with two 
pressure regulator valves. The valves are installed 
in the lower front engine cover, one on each side. 
The valves stabilize the lubricating oil pressure, 
regardless of engine speed or oil temperture. The 



valves may be removed without removal of the 
engine assembly from the vehicle. 

6. Removal. Remove the valve plugs (7, fig. 4. 
48) springs (5), and valves (4) from the cover (2). 
Remove and discard gaskets (6). 

c. Cleaning, Inspection, and Repair. 

U) Clean all parts in an approved cleaning 
solvent and dry thoroughly. 

(2) Inspect the valves (4, fig. 4-48) for scoring 
or wear. 

(3) Inspect the springs (5) for cracks and lack 
of compression. 

NOTE 

Tlic springs have a free length of approximately 
2.2.~> inches, and require ') '/ pounds of pressure to 
compress them to 2 inches. Replace as required. 

d. Installation. 

(1) Coat the valves (4) with clean engine oil 
and insert them in the front cover, closed end first. 

(2) Install the springs (5), and while com- 
pressing with fingers install plugs (7) with new- 
gaskets (6). 

Key to figure 4-48. 

1. Seal 

2. Front cover 

3. Gasket 

4. Valve 12) 

5. Spring (2) 

6. Gaskel 12) 

7. Plug 12) 
H. Cover 

9. Drive gear 
10. Innwe rotor 
! 1. Outer rotor 

12. Body 

13. Lockwasher (6) 

14. Capscrew (6) 

15. Drive screw (2) 

16. Lockwasher (12) 

17. Capscrew (12) 

NOTE: items 10 and 11 are a matched set. 
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Figure 4-49. Inspecting [>ump rotors. 



Section XXIV. PISTONS, CONNECTING RODS AND CYLINDER LINERS 



4-56. Pistons 

a. Generaf.Malleable iron pistons are connected 
by piston pins to the upper end of drop-forged, 
carbon-steel connecting rods. The lower end of the 
connecting rods are attached to the crankshaft by 
bearing caps. The extra long piston skirts, ac- 
curately ground to full length, are plated with a 
protective coating of tin, which permits close fit- 
ting. Each piston is fitted with six piston rings. 
Four compression rings are placed above the piston 
pin, and two three-piece oil control rings are placed 
below the pin to wipe any excessive lubricating oil 
being thrown onto the cylinder liners by the 
crankshaft and the lower end of the connecting rod. 

NOTE 

Cylinder liners, although as a functional group 
item <ire considered as a component of the cylinder 
block, are normally supplied with the piston 
assembly as matched components. 

6. Removal. 
II) Remove the cylinder head (para 4-35). 

(2) Remove the crankcase oil pan (para 4-41 I. 

(3) Remove the oil inlet tube and screen (para 



14) Remove any carbon deposits from upppr 
inner surface of cylinder liner (1, fig. ' 4-50). 

(5) Remove the nuts (11) from the connecting 
rod bolts (9). Remove the connecting rod bearing 
cap 112) and lower bearing shell (10) from the 
connecting rod. 

16) Push the piston and connecting rod 
assembly through the top of the cylinder block. 
Repeat the procedure for all pistons and connecting 
rod assemblies. 

NOTE 

Mark each piston, connecting rod and bearing cap 

so they may be kept as a set and replaced together. 

c. Disassembly. 

(1) Secure connecting rod in vise with soft 
jaws. 

(2) Remove compression rings (2) with ex- 
panding tool. 

CAUTION 

Do not spread the rings more than 
necessary to remove. 

(3) Punch a hole in center of retainer (5) with 
punch or narrow chisel. Pry retainer from piston, 
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Figure 4-50. Piston and ring assembly, connecting rod, 
and cylinder liner, exploded view. 



1. Cylinder liner (61* 

2. Ring set (6) * 

3. Piston (6)* 

4. Pin (6)* 

5. Retainer (12)* 

6. Ring set (12)* 

7. Connecting rod (6)** 

8. Bushing 112) 

9. Bolt (12) 

10. Bearing set (6) 

11. Nut (12) 

12. Bearing cap (6)** 

13. No7.7,l c (6) 

14. Connecting rod assembly (6) 

15. Seal (M* ' 

*j> Available in ports kit. 
Not serviced separately. 



(4) Remove piston pin (4), freeing piston 
from connecting rod. 

(5) Drive second retainer from piston with 
brass rod. 

(6) Remove oil control rings (6) wuh ring 
expander, exercising same caution as noted above. 

d. Cleaning, Inspection, and Repair. 

(1) Clean all parts with an approved cleaning 
solvent. Dry with compressed air. 

(2} Remove carbon deposits from pislon with 
chemical solvent that will not attach tin plating on 
piston. 

(3) Clean piston ring grooves with a suitable 
tool, such as a broken half of a compression ring 
sharpened to a bevel edge. Clean cooling surfaces 
on inside of piston. Thoroughly clean oil return 
holes in piston skirt probes, being careful not to 
enlarge holes during cleaning process. 

(4) Inspect piston for scoring, burning, worn 
or damaged ring grooves, and cracks inside piston 
across struts. A badly scored piston must be 
replaced. A slightly scored piston may be cleaned 



up witn crocus cloth or line stone and reused with 
cylinder liner if clearances are not exceeded (table 
4-6). 

(5) Inspect piston for minute cracks. 

(6) Inspect top of piston crown for burned 
spots or other indications of overheating such as 
carbon formation of underside of piston. 

(7) Inspect the ring grooves in the piston and 
the piston rings for free fit in grooves, side clearance 
and wear. 

NOTE 

The presence of original grooves on rinp surfaces 
indicates practical absence of wear. 

(8) Inspect and measure piston pin bushings 
and piston for wear. Wear and clearance limits are 
listed in table 4-6 below. If worn beyond specified 
tolerances, replace bushings or piston assemblies. 

(9) Measure piston diameter and cylinder 
liner bore with the temperature at 70 F. Take the 
piston skirt measurement both lengthwise and 
crosswise of the piston pin; measure the cylinder 
liner bore, both lengthwise and crosswise of the 
piston pin, throughout the entire length of f J 
cylinder liner. 

(10) The piston should be round with 
0.0005 inch. New cylinder liner bores should be 
round within 0.0001 inch. Measure the clearance 
of the piston in the cylinder liner bore by placing a 
3 /2 inch feeler ribbon, about 15 inches long, be- 
tween the piston and the liner. Move the feeler 
ribbon 90 and recheck the clearance. Refer tc 
table 4-6 for standard clearance and allowable wear 
limits between the cylinder liner and the piston 
skirt. 

(11) If the piston binds in the cylinder liner 
remove both piston and liner and check dimension! 
in accordance with table 4-6. 



Table 4-6. Cylinder Liner and Piston Assembly 
Dimensional and Wear Limit Data 



Component 


Manufacturers 
dimensions and 
tolerances in inches 


Maximum 
allowable 
wear and 
clearances 


Minimum 


Maximum 


CYLINDER LINER 








Outside diameter {sea! ring surface) 


4.4850 


4.4860 




Inside diameter 


3.8752 


3.8767 




Out-of-round 




0.0020 


0.003 


Taper 




0.0010 


0.002 


PISTON 








Diameter (at skirl) 


3.8693 


3.8715 




Clearance (piston to liner) 


0.0037 


0.0047 


0.010 


Out-of-round 




0.0005 




Taper 




0.0005 




Bushing, piston pin, inside diameter 


1.3775 


1.3780 




PISTON PIN 








Diameter 


1.3746 


1.3750 
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Table 4-6. Cylinder Liner and Piston Assembly 
Dimensional and Wear Limit Data Continued 





Manufacturers 


Maximum 


Component 


dimensions and 
tolerances in inches 


allowable 
wear and 




Minimum 


Maximum 


clearances 


Clearance (pin to piston bushing) 


0.0025 


0.0034 


0.010 


Clearance (pin to rod bushing) 


0.0010 


0.0019 


0.010 


PISTON RINGS 








Gap 117:1 compression) 


0.0200 


0.0460 


0.060 


Clearance (ring to groove) 








Top (No. 11 


0.0030 


0.0060 


0.016 


No. 2 


0.0070 


0.0100 


0.014 


No. 3 and 4 


0.0030 


0.0080 


0.013 


G ap (oil rings) 


0.0100 


0.0250 


0.044 


Clearance (ring to groove) 


0.0015 


0.0055 


0.008 



Sf Also applicable to oversize or undersize parts. 



e. Assembly. 

(1) Install new compression rings (2, fig. 4- 
50) on the piston. 

NOTE 

Check the piston ring gap by inserting ring 
sqiiiirely in cylinder liner and measuring gap with 
Feeler gage. Tlie specified gap for compression 
rings is 0.020 0.046 inch, and oil control rings 
0. 01 00.0 25 inch. 

CAUTION 

Install the top compression ring with 
She mark TOP toward she top of the 
piston. 

NOTK 

Each ring .should have its gap located 45 degrees 
from the ring gap above it. 

(2) Install new oil control rings (6) on the 
piston with the scraping edge of the ring down. 
Install an expander in the upper oil ring grooves. 
Do not overlap the ends. Install the lop oil ring, 

with the gap 180 degrees from the expander ends. 
Install the bottom oil ring with the gap 45 degrees 
from the gap in the upper oil ring. 

(3) Install the second set of oil control rings 
and expander as described above. 

(4) Install the connecting rod (7) in the piston 
assembly. Insert the piston pin 14) and install new- 
retainers (5 ). 

(5) Place piston and rod assembly on clean 
surface with rod end up. Wipe exterior surface of 
piston clean and dry. Fill inner part of piston with 
clean fuel oil and allow to remain for 15 minutes to 
check for possible leakage around retainers. 
Remove fuel oil and lubricate all external surfaces 
of piston assembly. 

/. Installation. 

I 1 ) Apply dean engine oil to piston, rings, and 
inside of ring compressor tool. 



(2) Install the ring compressor tool over the 
piston and connecting rod assembly so that the 
small end of compressor is at the bottom of the 
piston. 

(3) Insert the rod end in the top of installed 
cylinder liner (1) and position the compressor tool 
on top of the liner. 

CAUTION 

Distances from center of connecting rod 
bolts So sides of connecting rod are not 
equal. To avoid cocking the connecting 
rods must be together when attached to 
crankshaft journal. 

(4) Push the piston and rod assembly down 
into the liner until the piston is out of the ring 
compressor tool. Remove the ring compressor. 

(5) Rotate the crankshaft until the connecting 
rod journal of the bearing for the respective 
cylinder is at the bottom of its travel. 

(6) Install lower bearing shell (10) and 
bearing cap (12), securing with bolts (9) and nuts 
(11). Torque to 45-50 pound-feet. 

(7) Install the oil inlet tube and screen (para 
4-42). 

(8) Install the crankcase oil pan (para 4-41). 

(9) Install the cylinder head (para 4-35). 

4-57. Connecting Rods 

a. Removal. 

(1) Remove the piston and connecting rod 
assembly (para 4-56). 

(21 Remove the connecting rod from the 
piston (para 4-56c (3) and (4). 

(3) Remove the upper bearing shell (10, fig. 
4-50) from base of connecting rod. 

(4) Remove spray nozzle (13) and bushings 
(8) from connecting only if replacement is 
necessary (para c below). 
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NOTE 

The upper and lower connecting rod bearing shells 
may l)p inspected without removal of the assembly 
from the cylinder block. Only one hearing cap 
should be removed at a time. Remove the bearing 
cup and push the connecting rod and piston 
assembly up into the cylinder liner enough to clear 
the crankshaft. Remove the upper bearing shell 
with n small brass rod and hammer. Do not 
damage (lie edge of the shell. Inspect the bearings 
shells as outlined in "Inspection" below. Replace 
with new shells as required. 



I h - upper and IOW<T bifatrJng shells arc 
not interchangeable, ami shoiiHd not be 
replar'd individually. 

h. Cleaning, Inspection, and Repair. 

(1 I Clean all parts with an approved cleaning 
solvent. Dry thoroughly with com pressed air. 

(2) Blow compressed air through the drilled 
oil passage in the connecting rod IT I to he sure all 
lubricating passages are H<>an->d. 

( .'i ) Inspect the hearing shells for scoring, 
pitting, flaking, etching and dirt grooving*. If any 
of these defects are noted, replace the bearings. 



NOTE 

The tipper bearing shells, which carry the load, 
will normally show signs of wear and /or faults 
before the lower shells do. 

(4) Inspect the backs of the bearing shells for 
bright spots which indicate they have been moving 
in their supports. Replace any shells with bright 
spots. 

(51 Inspect the bearing rod bores for burrs, 
foreign particles, etc. 

(6) Inspect the connecting rod bolts (9) for 
wear or damaged threads. Replace as required. 

("I Measure the thickness of each bearing 
shell, 90 degrees from the parting line, with a 
micrometer and ball attachment. The minimum 
thickness of a worn standard shell is 0.123 inch. If 
less, replace the shell set. 

NOTE 

I. ndersiw? hearing shells are available for 
replacement, liable 4-7). The 0.002 inch si/.e is 
used for slight wear where grinding of crankshaft 
is not required. The other undersize shells are to 
be used when the crankshaft journals have been 
reground to the specified dimensions (table 4-71. 



Table 4- 7. Crankshaft Journal and Bearing Dimensional Data 



Nominal 
size of 
Rearing 
(inches) 


New bearing 
shell thickness 
minimum (inches) 


Crankshaft connecting 
rod journal 
diameters (inches) 


Standard 


0.1247 


2.7492.750 


0.002 Underside 


0.1257 


2.717 2. 74K 


0.010 Undersize 


0.1297 


* 2. 739 2.740 


0.020 Undersize 


0.1347 


* 2. 729 2.730 


0.030 Undersize 


0.1397 


* 2. 719 2.720 



* Dimension of reground crankshaft. 

(8) Check the clearance between the bearing 
shells and crankshaft journals with the crankshaft 
in place, and squeezing a soft plastic measuring 
strip between the shells and journals with the 
bearing caps in place, and the nuts (11), torqued to 
45-50 pound-feet. Refer to tab!e 4-8 below for 
tolerances. 

(91 Inspect the connecting rod bushings (8, 
fig. 4-50) for scoring and wear. Replace if either 
defect is noted. Tolerances between piston pins and 
bushings are given in table 4-6. 

(10) Press out old bushings. Press new 
bushings into place in connecting rod. 



Bushings should be pressed flush wil 



edge of connecting rod. This will leave 
Vii inch gap between inner edges of 
bushings for lubrication purposes. New 
bushings must be reamed to a finished 
inside diameter of 1.3760-1.3765 inches 
after installing in the connecting rod. 
c. Installation. 

(1) Install the connecting rod in the pisto 
(para 4-56 c } (4} and (5). 

(2) Install the piston and connecting ro 
assembly (para 4-56 /). 

NOTE 

If new bearing shells are installed, operate the 
engine as outlined in the run-in schedule in section 
XXVII. 



"M 5-3810-590 -3 



Table 4-8. Connecting Hod and Crankxhaft Journal 
Dimensional Data und Crankshaft ff'ear Limit Data 



- - 


New Part 








Wear 




Minimum 


Maximum 


Limits 


Item (standard size) 


(inches) 


(inches) 


(inches) 


CONNECTING HOD 








Length (center to renter! 


K.7')<)0 


8.0l() 




Dianu-tpr (lower bore I 


s.ooi.i 


.'5.002.1 




Diameter (upper bore) 


1. 6000 


1.6010 




Diameter (bushing, inside) 


I.37M) 


1.37 o.l 




Clearance 'rod. .<i<)e. normal) 


O.OOKO 


0.0160 




('; HANK. SHAFT 








Journal Diameter (connecting rod I 


2.74<>0 


2.7.100 




Journal out-of-rouml 




0.0002.1 




Journal taper 




0.000.1 


0.003 



4-58. Cylinder Liners 

a. Removal. 

II) Remove piston and connecting rod 
assemblies (para 4-56). 

(2) Remove liners (1, fig. 4-50 I from cylinder 
block with liner removal tools or tapping the liner 
<nit with a hardwood block and hammer. 

(3) Remove and discard seal (15). 

b. Cleaning, Inspection, and Repair. 

(!) Remove carbon deposits from cylinder 
liner? with carbon solvent. Clean liners with an 
approved solvent and dry with compressed air. 

(2) Inspect cylinder liner for cracks, scoring, 
corrosion, and flange irregularities. Replace a 
cracked, roded, or badly scored liner. 

I ?> } Install cylinder liner in clock and measure 
liner bore as instructed in paragraph 4-56 tM9). H 
taper exceeds 0.002 inch, or out-of-round exceeds 
0.003 inch, replace the liner. 

NO' I'M 

Cylinder liners must be installed in their original 
positions. Aline match marks. 

(4) If taper or out-of-round does not exceed 
specified limits, minor scoring or ridging at top of 
ring travel may be removed by honing. Use the 
following procedure when honing cylinder liners. 

(&) Place the ev Under in a suitable holding 
I ivt nre. 

(h) Using a hone equipped wi'tb 120 grit 
stones, work the hone up and down the full length 
of the liner a few times so a "criss-cross" pattern 
with hone marks on a 45 degree axis will result. 

(c) Remove liner from fixture and clean 
thoroughly. 

(d) Check entire surface of liner bore for 
burrs. 



(5) If a new cylinder liner is to be used, install 
the liner in the block and take measurement as 
instructed in paragraph 4-56 d, (9). A new cylinder 
must be 3.8T52 to 3.8767 inches on inside 
diameter, must be straight from top to bottom 
within 0.001 inch, and round with an 0.002 inch. 
Refer to table 4-6 for piston to liner clearance. 
NOTE 

Match mark a new liner If) its respective block 

bore, 
c. Installation. 

( \ } Apply dean engine oil to piston and rings 
of piston and connecting rod assembly and the 
inside of ring compressor tool. 

(2) Place ring compressor tool on wood block 
(tapered end up). 

13) Insert the top of the piston in the ring 
compressor, and carefully push the piston down 
until it contacts the wood block. 

(4) Wipe the inside and outside of the cylinder 
liner clean. Also, make sure the block bore and 
counterbore are clean so the liner flange will seat 
properly. Place the liner, top down, on a wood 
block. 

(5) Place the ring compressor with piston and 
connecting rod assembly on the cylinder liner. 

(6) Push the piston and rod assembly down 
into the liner until the piston is out of the ring 
compressor tool. 

17) Make sure the seal ring groove in the 
block is clean. Install the seal ring (15). Lubricate 
seal ring with permanent type antifreeze. 

(8) Rotate the crankshaft until the connecting 
rod journal of the bearing for the respective 
cylinder is at the bottom of its travel. 

(91 Slide cylinder liner with piston and 
conneclimr rod assomblv into cylinder block borp. 
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NOTK 

Aline rnateli marks of cylinder liner and cylinder 
bloc.k while inserting the linn. 

(10) Push piston and cylinder liner down and 
uide connecting rod until upper bearing shell (101, 



fig. 4-50 is seated firmly on crankshaft journal, and 
cylinder liner is flush with tup of cylinder Mock. 
(11) Complete installation as instructed In 
paragraphs 4-rJo/(6l through (9). 



SectSon XXV. CRANKSHAFT AND MAIN BEARINGS 



l-5). Crankshaft 

. General. r l'he crankshaft is a one-piece steel 
forging, heat-treated to ensure strength and 
lurahility. All main and connecting rod hearing 
journal surfaces and oil seal suria;es are induction 
hardened. Complete static and dynamic halance 
has been achieved by counterweights. 

h. Removal. 

(1) Remove low<-r front cover (para 4- r >3 c I. 

(2) Remove flywheel housing (para 4-44). 

(3) Remove rocker arm covers (para 4-34) 
and remove fuel oj! pipes (fig. 4--.3M. Install dust 
raps on injector and fuel connectors. 

(4) Remove bolts 110, fig. 1-34) and pivot the 
rocker amis away from the valve siems. This step is 
necessary to prevent damage to valves and valve 



stems should a piston assenibls be nilo\ved 1" drop 
or pushed down on the valves. 

(5) Remove the connecting rod bearing cap? 
(12, fig. 4-30). Push the piston assemblies toward 
the cylinder head until the connecting rod bolts arc- 
dear of the crankshaft. 

NOTK 

1 1 in ay he necessary t<> push one of the salvos open 

to expel air from the cylinder chamber uhiM) 

pushing piston into hloek. 

(01 Remove eight bolts (20, fig. 4-54). 
washers (211, and bolts (19). Lift off stabilizer 
( 18), beating caps (IV), and lower bearing she 
(H, fig. 4-51 I. 

(7) Remove thrust washers (4) from each s 
of rear main bearing. 
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1. Gear 

-. Roaring, upper 14) 

3. Crankshaft 

4. Thrust washer (4) 
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"). Timing gear 

(t. Seal 

~. Key 

H. Bearing, lower 14) 



Figure 4-51. Crankshaft, timing gear and main bearings, exploded view. 



NOTE: ALL DIMENSIONS IN INCHES 
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A. TYPICAL RIDGING OF CRANKSHAFT 



B. DIMENSIONS OF CRANKSHAFT JOURNALS 
AND CRANK PINS 



\ 



/I 



^ 



C. CRANKSHAFT FATIGUE CRACKS 



1.299 



1.34 



1.301 

D. DIMENSIONS AT REAR MAIN BEARING 
THRUST WASHERS 



AVOID 

SHARP INSUFFICIENT 
.100 TO .130 CORNERS FILLET 




RIGHT WRONG WRONG 
E. CRANKSHAFT JOURNAL FILLETS 
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Figure 4-52. Crankshaft inspection details. 
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(8) Attach a suitable sling to crankshaft (3) 
and remove from the cylinder block. 

(9) Remove the crankshaft timing gear (para 
4-51). 

(10) If necessary, remove the oil pump drive 
gear (1, fig. 4-51) as follows: 

(a) Thread the crankshaft pulley retaining 
bolt (1, fig. 4-46) into end of crankshaft to provide 
a bearing surface for gear puller screw. 

(b) Attach a suitable gear puller over gear 
and end of crankshaft and remove pulley. 

c. Cleaning, Inspection, and Repair. 

(1) Clean the crankshaft with an approved 
cleaning solvent. Dry thoroughly with compressed 
air. 

(2) Place the crankshaft on a surface plate in 
V -blocks or in lathe and with a dial indicator, check 
the dimensions as shown in figure 4-52B and D. If 
the tolerances specified are exceeded, the 
crankshaft must be metallized and reground, or 
replaced with new crankshaft. 

(3) Inspect the surfaces of the crankshaft for 
evidence of cracks (fig. 4-52C). Any signs visible to 
he eye should justify replacement of the 

crankshaft. 

(4) If one or more journals require grinding, 
then all journals must be ground to the same 
dimensions (table 4-9). The grinding operation 
should not be forced, and grinding coolant used 
generously to avoid localized heating on the 
crankshaft. Grind fillets per figure 4-5 2E. 

(5) A slight ridging on journals may be 
evident on used crankshafts. If this ridging does not 
exceed 0.0002 inch, remove with fine emery cloth 
(120 and 240 grit). Polish with crocus cloth 
moistened in clean fuel oil. 

(6) Inspect the thrust washer surfaces of the 
crankshaft for signs of scoring or wear. Clean 
lightly scored surfaces with an oil stone. Grind 
deeply scored surfaces and use oversize thrust 
washers when assembling to maintain the specified 
crankshaft end play when installing the crankshaft 
(table 4-10). 

Table 4-9. Crankshaft and Bearing Dimensional Data 



Table 4-10. Thrust Washer Dimensional Data and Wear Limits 



Nominal 
Size 
(inches) 


Thrust washer 
thickness 

(inches) 


Minimum 


Maximum 


(>.<>(>.> Oversize 
0.010 Oversize 


0.1255 

0.1300 


0.1270 
0.1320 



Bearing 
size 

(inches) 


Conn. rod 
journal dia. 
(inches) 


Main bearing 
journal dia. 
(inches) 


Standard 
0.002" Undersize 


2.750 
2.750 


3.500 
3.500 



(7) Inspect the oil pump drive gear (1, fig. 4- 
5 1 ) for worn or cracked teeth. Replace as required. 
d. Installation. 

(1 ) Start the oil pump drive gear ( 1, fig. 4-51 ) 
straight on the shaft. Position drive gear installer 
tool over gear and force gear on crankshaft until 
crankshaft end contacts end of bore in tool. 

(2) Install the crankshaft timing gear (para 4- 
49). 

(31 If removed or replaced, install the upper 
main bearing shells (2) in the cylinder block. 

(4) Lubricate the crankshaft journals with 
clean engine oil. Install the crankshaft in the 
cylinder block, making sure the timing marks on 
the crankshaft timing gear (5) are alined with the 
idler gear (fig. 4-43). 

(5) Install the upper thrust washer halves (4, 
fig. 4-51) on each side of the rear main bearing. 
Install the doweled lower thrust washer halfs on 
each side of the rear main bearing cap. 

(6) Position the lower main bearings (8) in the 
respective bearing caps (17, fig. 4-54). 

(7) Position the bearing caps with bearings on 
crankshaft and secure with stabilizers (18), bolts 
(19 and 20), and washers (21). Draw the bolts up 
snug. Tap the bearing cap lightly with a soft 
hammer to seat the bearings properly. 

(8) Tighten the cap bolts (19) to 120-130 
pound-feet torque. Tighten the bolts (20) to 70-75 
pound-feet torque. 

NOTE 

If installed properly, the crankshaft will turn 
freely with the main bearing caps tightened to the 
above specified torque. 

(9 ) Check the crankshaft end play with a dial 
indicator placed against the timing gear and 
shifting the position of the crankshaft with a 
screwdriver wedged between either side of the rear 
bearing cap. The end play should be 0,004 0.01 1 
inch with new parts, and not exceed 0.018 inch 
with used parts. Otherwise, inspect for misalined 



rear main bearing cap, bur or dirt on thrust washer, 
or incorrect thrust washer thickness. 

(10) Pull the pistons and connecting rods up 
against the crankshaft journals, and install the caps 
(12, fig. 4-50). Tighten nuts (11) to 5055 pound- 
feet torque. 

(11) Install flywheel housing, flywheel, and 
associated components as outlined in paragraph 4- 
44. 

(12) Install the lower front cover and 
nsHociated components as outlined in paragraph 4- 

r>;i c. 

(1.3) Position the rocker I'.rii! shafts and 
hrnrketa properly and secure will) holts (10, fig. 4- 
341. Tighten bolts to 50 55 pound -feet torque. 

NOTE 
Adjust the valve cU'-aranre as outlined in Section 

XXVIi. 

(14) Remove the dust caps fr-mi injector and 
connectors and install fuel oi! pip<'-.-~ (fig. 4-36). 

(15) Install the rocker ami covers (para 4- 



fuel 

34) 



NOTK 

If a new crankshaft, of new ccinircting rod 
bearing or main bearings are inslallod, operate as 
outlined in the run-in schrHuU' (ST. XXVIII. 

4-60. Main Bearings 

a. General. The main bearing shells are of the 

precision type and may be readily replaci-d without. 

machining. They are used at each crankshaft main 

journal and consist of an upper shell seated in the 

cylinder block main bearing support and a lower 

shell seated in the main bearing cap. Bearing shells 

are prevented from endwise or radial ruovenifiit by 

a tang at the parting line al one end of each shell. 

The bearing caps are numbered 1, 2, 3, and 4, 

indicating their respective positions and, when 

removed, must always be reinstalled in their 

original positions. Main bearing thrust washers 

absorb the crankshaft thrust at each side of the rear 

main bearing. Each washer is made up of two 

halves, the lower half is doweled to the bearing cap. 

The upper and lower bearing shells are not in- 

terchangeable; the upper bearing shells are 

grooved, and the lower shells are not. If one bearing 

shell is to be replaced, all main bearings shells must 

be replaced. 

b. Removal. If the crankshaft is removed, as 
outlined in paragraph 4-59, removal of the main 
bearing shells (2 and 8, fig. 4-51) is greatly sim- 
plified by lifting the bearing shells from their 
respective bearing caps and bearing supports in the 
block. If removal of the crankshaft is not required, 
the bearing shells may be removed in tine following 
manner. 



NOTE 

When using the following method of bearing 
removal, remove only one main bearing cap at a 
time, complete inspection and install the bearing 
shells and cap before removal of the next bearing 
cap. 

(1) Remove the crankcase oil pan (para 4-41). 

(2) Remove the oil inlet tube and screen (para 
4-42). 

(3) Two methods of removal are required, one 
for the front and intermediate bearings, and a 
second method for the rear main bearing. 

(4) Remove, one at a time, the front and 
intermediate bearing shells as follows: 

(a) Remove bolts (20 and 19, fig. 4-541, 
washers (21), and stabilizers (18). 

(b) Lift off main bearing cap (IT) and 
remove lower bearing shell (8, fig. 4-51). 

(c) Insert a special bolt (standard 1/4" x V<" 
long, with head ground to a thickness of 1 . 16 
inch) into crankshaft journal oil hole so that ' 
bolt head does not extend beyond the outer stir' 

of the upper bearing shell. Rotate the cranksha 
a clockwise direction and roll the upper bear 
shell out of the bearing support. 

(d) Clean, inspect, and install main 
bearings (para c and d. below) and repeat 
procedure for each intermediate bearing. 

(5) Remove the rear main bearing shells as 
follows : 

(a) Remove bolts (20 and 19, fig. 4-54). 
washers (21) and stabilizers (18). 

(b) Lift off rear main bearing cap (IT) and 
remove lower thrust washer halves (4, fig. 4-511 
and lower bearing shell (8). 

(c) Remove upper thrust washer halves (4) 
by pushing one side with a small rod, forcing 
washer around and out on opposite side of the 
journal. 

(d) Remove the upper rear main bearing 
shell by driving on the edge of the shell with a small 
curved rod, at the same time rotating the 
crankshaft. This will roll the bearing shell from its 
position. 

c. Cleaning and Inspection. 

NOTE 

Since the lower main bearing shell* carry the 

crankshaft load, their condition will normally 

indicate the need for replacement. 

( 1 ( Clean the bearing shells with an approved 
cleaning solvent. Dry thoroughly with compressed 
air. 

(2) Inspect the shells visually for scoring. 
pilling, flaking, cracking, loss of babbit, or signs of 
overheating. If any of these defects are present, the 
bearings must he replaced. 
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NOTE 

Babbit plated bearings may develop minute 
cracks or isolated cavities. These are not 
detrimental to engine operation and are not 
justification, for bearing replacement. 

(3) Inspect the backs of the shells for bright 
spots which indicate they have been moving in the 
cap or cylinder block. If su''b spots are present, 
discard the shells. 

(4) Measure the thickness of the shells at 
point C (fig. 4-53) with a micrometer and ball 
attachment. 



A. FREE DIAMETER 

B. INSTALLED DIAMETER 

C. BEARING THICKNESS 



Table 4-11. Crankshaft Main Journal and Bearing 
Dimensional Data 




ME 3810-290-34/4-53 
Figure 4-53. Main bearing shells, measurement diagram. 

(5) The minimum thickness of a worn 
standard main bearing shell is 0.123 inch. If any of 
the shells are thinner than this dimension, replace 
all shells. Table 4-11 lists the minimum bearing 
shell thickness for new standard and undersize 
bearings, and the crankshaft main bearing journal 
diameters corresponding to each bearing size. 

(6) Measure the clearance between main 
bearings and crankshaft journals. If the crankshaft 
is in place, measure the clearance with a soft plastic 
measuring strip forced between the journal and 
bearing. If the clearance is, or exceeds 0.007 inch, 
replace all bearing shells. With new shells, the 
clearance should be 0.00250.0057 inch. 



Nominal 
size of 
bearing 
(inches) 


Minimum new 
bearing shell 
thickness 

(inches) 


Crankshaft main 
bearing journal 
diameter 
(inches) 


Standard 
0.002 Undersize 


0.1540 
0.1250 


3.499 3.500 
3.497 3. 49H 



(1) If the crankshaft is removed, install the 
bearing shells in the block. Replace bearing caps 
and torque bearing cap bolts to 120 130 pound- 
feet. Measure inside diameter of bearings and 
compare with crankshaft main bearing journal 
diameters as listed in table 4-11. The tolerances 
specified in paragraph (6) above apply. 

NOTE 

Do not attempt to rework bearing shells. Replace 
all bearing sheila as required. Use undersized 
bearing shells with crankshafts that have been 
reground (para 4-59, c (4)). 

d. Installation. 

( 1 ) Apply clean engine oil to all crankshaft 
journals and install the main bearing shells in 
reverse of removal. 

(2) Install new or original upper bearing 
shells after inspection by rolling into place in the 
bearing support. 

NOTE 

Start the end of shell having no tang around the 
crankshaft journal first, so that when shell is in 
place the tang will fit into groove in shell support. 

(3| Install the upper thrust washers (4, fig. 4- 
51). 

(4) Position the lower bearing shell and the 
lower thrust washer halves (on rear bearing cap 
only) in bearing caps and install over crankshaft 
journals. 

(5) Secure bearing caps with stabilizers (18, 
Fig. 4-54), washers (21) and bolts (19 and 20). 
Tighten bolts (19) to 120 130 pound-feet torque 
and bolts (20) to 70 75 pound-feet torque. 

NOTE 

If the main bearings have been installed properly, 
the crankshaft will turn freely. 

(6) Check crankshaft end play (para 4- 
59d(9)). 

(7) Install the oil inlet tube and screen (para 
4-42). 

(8) Install the crankcase oil pan (para 4-41 }. 



I ^ v r A I t 

After instiillirifr new bearing shells, operate tho 



engine on a rim-in schedule as outlined in Section 
\\VII. 



Section XXVI. END PLATE AND CYLINDER BLOCK 



4-61. Rear End Plate 

a. ir<>ncrnl. The rear end plate is a flat steel 
plate, bolted to the rear end of the cylinder block to 
provide i\ means of attaching the flywheel housing. 
Removal of the rear end plate is required only at 
time of complete engine overhaul. 
h. Removal. 

(I) Remove flywheel housing (para 4-44). 

12) Remove the idler gear assembly (para 4- 
481. 

(31 Remove the accessory drive gear (para 4- 



para 4-461. 
4-. r >4) and 

(I II, lock- 
gasket (7). 



(41 Remove the camshaft gears 
( T> ) Remove capsrrew M 3, fig. 
washer < I 2 ) . 

(0) Remove twelve rapsrrews 
washers (10), and washers ( ( H. 

'7) Remove end plate ( J{ ! and 
Discard Basket. 

r. (".leaning. Inspection and Repair. 

( 1 ) Clean the rear end plate with an approved 
cleaning solvent and dry thoroughly. 

(2) Inspect the end plate for nicks, dents, 
scratches or scoring. Remove minor scratches and 
scoring with fine crocus cloth. Replace a badly- 
damaged end plate. 
d. Installation. 

(1) Install the end plate (8) in the reverse 
order of removal. 

(2) Install washer (12) and capscrew (13) in 
hole opposite the accessory drive mounting hole. 
Torque the capscrew to 71 75 pound -feet torque. 

(3) Torque capscrews (11) to 30 35 pound- 
feet torque. 



(4) Install the camshaft gears, accessory drive 
gear, idler gear assembly, and flywheel housing in 
reverse order of removal. 

4-62. Cylinder Block 

a. General. The cylinder block is a one-piece 
casting which forms the main structural part of the 
engine. Transverse webs provide rigidity and 
strength and ensure alinement of the block bores 
and bearings under load. The block is bored to 
receive replaceable wet type cylinder liners. The 
camshaft bores are located on the inner side of each 
cylinder bank, near the top of the block. Drilled 
passages in the block carry the lubricating oil to all 
moving parts. Air box openings in both sides of tb 
block permit access to the air box for inspection 
the pistons and rings through the air inlet por 
The top surface of each cylinder bank is grooved 
accommodate a block-to-head seal ring. Each water 
or oil hole is counterbored to provide for individual 
seal rings. In addition, the block is grooved around 
the air inlet opening, between the cylinder banks, to 
accommodate a blower-to-block seal ring. 

b. Removal. Removal of the cylinder block for 
replacement or overhaul requires the removal of all 
engine accessories, sub-assemblies, and components 
covered in Sections III through XXV of this 
chapter. 

c. Disassembly. 

(1) Remove the rear end plate (para 4-61). 

(2) Remove air box drain tubes (22, fig. 4-54) 
and elbows (34) from each side of the cylinder 
block. 
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KIC\ to figure 4-54. 

! . Seal ring (41* 

2. Seal ring ()* 

il. Seal ring (HI* 

4. Seal ring (21* 

r>. Gasket (o| 

(). Blook assembly 

7. (basket ** 

ii. Kiul plate 

*'. Washer 
HI. Washer (12) 
I 1. Cupse.rew (121 
12. Washer 
1 3 . ( .apsorew 
! 4. Slum 
I ft. Fin 
If). 1'in 
I 7. Cap (4) 
HI. Stabili-/,er ((,) 
!'). Bolt (HI 
0. Bolt 
1 . Washer (H) 

2. Tube (21 

3. G ask 01 141** 

4. Cover (4! 

:>. Gasket (41** 

f>. Cap--crew (4) 
-7. Washer (41 
LH. Drain roek (2) 
2<). Bolt (21 
30. Look washer < 2 I 
3 1 . Cover 
.'t2. Gasket** 

33. Clamp (41 

34. Klbow (21 

Available in cylinder head fjitsket !iil 
" " Available in parts kil. 

(3) Remove drain cocks (28), bolts (29), 
lock washers (30), water hole cover (31), and gasket 
(32). 

(4) Remove four bolts (26), washers (27), 
gaskets (25), covers (24), gaskets (23), and clamps 
(33). 

(5) Record location and remove various plugs 
as necessary to thoroughly clean oil galleries and 
water passageways. 

d. Cleaning. 

II) Remove all traces of gasket material from 
the block. 

(2) Thoroughly clean cylinder and crankcase 
oil passages using compressed air and brass wire 
probes. Flush cylinder and crankcase water jacket 
thoroughly. Clean block with live steam . Make sure 
oil galleries, air box floor, and air box drain 
openings are thoroughly cleaned. Jets machined in 
camshaft bushing bores permit oil to be sprayed on 
cam followers; make sure they are not plugged. A 
0.020 inch wire may be used to clean jets. 

(3) Dry block with compressed air. 

e. Pressure Testing Block. 



(1) To perform pressure test, it will be 
necessary to make a steel plate of ] / inch stock to 
cover each cylinder bank of block. Plates will 
adequately seal top surface of block when used with 
cylinder liner compression gaskets and water hole 
seal rings. It will also be necessary to use water hole 
cover plates and gaskets to seal water inlet openings 
in sides of block. One cover plate should be drilled 
and tapped to provide a connection for an air line so 
the water jacket can be pressurized. 

(2) Make sure seal ring grooves in cylinder 
bores are clean. Install new seal rings in grooves 
(above air inlet ports). 

(3) Apply a light coating of permanent type 
antifreeze solution to seal. 

(4) Slide cylinder liners into block, being 
careful not to roll or damage seal rings. Install new 
compression gaskets and water hole seal rings in 
counterbores in the top surface of block. 

(5) Place plates on top of block and tighten 
securely with bolts and flat washers. 

(6) Install water hole cover plates an' 
gaskets, and cylinder block plugs which wer 
removed during disassembly, on sides of the bloc! 

(7) Immerse the block for twenty minutes in a 
tank of water which is heated to 180 200F. 

(8) Attach air line to water hole cover plate 
and apply 80 100 pounds per square inch air 
pressure to water jackets and observe water in tank 
for bubbles which will indicate cracks or leaks. 

(9) Remove block from water tank. Remove 
plates, seals, gaskets, and liners and blow out all 
passages in block with compressed air. 

(10) Dry cylinder liners with compressed air 
and coat with engine oil to prevent rust. 

/. Inspection and Repair. 

(1) Check top machined surfaces of block for 
flatness with an accurate straight edge and a feeler 
gage. Surfaces must not vary more than 0.003 inch 
transversely, and not over 0.006 inch 
longitudinally. 

(2) Make sure seal ring grooves are 
thoroughly clean. Inspect grooves and lands for 
evidence of pitting and erosion. If both grooves are 
eroded to extent that sealing is affected, block must 
be replaced. 

(3) Measure each cylinder block cylinder 
bore, at positions on axes 90 degrees apart (fig. 4- 
55). If diameter does not exceed 4.5235 inches at 
position "A", 4.4900 inches at position "B 11 ( and a 
sealing problem has not occurred), or 4.3595 in- 
ches at position "C" and "D'\ block may be 
reused. Taper and out-of-round must not exceed 
0.0015 inch. 
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XY-LONGITUDINAL AXIS 

(LENGTHWISE OF ENGINE) 

WZ-TRANSVERSE AXIS 

(CROSSWISE OF ENGINE) 




D 



MEASURE INSIDE DIAMETER OF BLOCK 
BORE AT PLACES A, B, C, AND D, ON 
XY ANDWZ AXIS. 
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Figure 4-55. Cylinder hlork cylinder bore 
measurement diagram. 

(4) Lubricate threads and underside of each 
9/10 x 6 main bearing cap bolt head with OE-30 
engine oil. Install four main bearing caps, using 
main bearing bolts with temporary spacers, and 
tighten bolts to 120-130 pound-feet torque. 

(5) Measure main bearing bores. Bearing 
bores must be 3.751 inches to 3.752 inches. If 
bores do not fall within these limits, discard block. 

(6) Check main bearing bores for alinement. 
Bearing bores may be considered properly alined 
with one another if a crankshaft with standard size 
journals can be rotated freely by hand, after new 
main bearing shells have been installed and 
lubricated, and bearing caps have been secured. 



(7) Make sure cylinder liner counterbores in 
block are clean. Check counterbore depth. Depth 
must be from 0.300 inch to 0.302 inch and must 
not vary more than 0.001 inch throughout entire 
circumference. Counterbored surfaces must be 
smooth and square with cylinder bore within 0.001 
total indicator reading. 

(8) Check all machined surfaces and threaded 
holes in block. Remove nicks and burs from 
machined surfaces with a fine mill file. Clean-up 
damaged threads in tapped holes with proper tap or 
install helical thread inserts if threads cannot be 
cleaned -up. 

( ( )) Replace loose or damaged dowel pins. 

(10) Install all required plugs. Use a sealing 
compound on threads of plugs. If a new service 
block is used, make sure top surface is plugged 
correctly to prevent low oil pressure of ac- 
cumulation of abnormal quantities of oil in cylinder 
head. 

(11) If a now service replacement block is 
used, stamp unit serial number and model number 
on top right-hand corner of new block. Make sure 
bearing caps are properly numbered. 

(12) After inspection, if cylinder block is not 
to be used immediately, spray machined surfaces 
with OE-10 engine oil. If cylinder block is to be 
stored for an extended period of time, spray or dip 
block in a polar-type rust preventive compound. 

#. Assembly. 

( I ) Clean all oil or rust preventive from the 
block. 

(2) Assemble the cylinder block components 
in the reverse order of disassembly using new 
gaskets and seals. 

h. Installation. Install all engine sub-assemblies 
and accessories in the reverse order of removal. 

1NOTK 

After overhaul of cylinder block, operate the 
engine as outlined in the run-in schedule in Section 
XXVII. 



Section XXVI!. TESTS, ADJUSTMENTS, AMD RUN-IN 
PROCEDURES 



4-63. Engine Preparation 

a. General. A complete overhaul or any major 
repair job involving the installation of piston rings, 
pistons, cylinder liners, or bearings will require a 
run-in period, and various tests and adjustments to 



instructions for tests, adjustments, and run-in 
procedures. 

6. Preparation. 

II I Refer to TM 5-38 1 0-290-1 2 for services to 
be performed before starting the engine. 
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4-64. Tests and Adjustments 

a. intervals. Approximately one week after the 
initial operation of the engine, or following an 
engine overhaul, the adjustments specified in 
paragraph b below, must be performed. Sub- 
sequent intervals for adjustments will be controlled 
by engine performance, or as may be specified in 
preventive maintenance services contained in this 
manual. 

b. Adjustment Sequence. Normally, when 
performing adjustments on an engine in service, it 
is only necessary to check various settings for 
possible changes in previous adjustment. However, 
if the cylinder head, governor, or fuel injectors have 
been removed and overhauled or replaced, then 
specific preliminary adjustments are required 
before the engine is started. The preliminary ad- 
justments consist of the first four items in the 
following sequence. The remaining four items 
complete the list of engine adjustments to be 
performed. 

U ) Exhaust valve clearance adjustment (para 
4-65). 

{21 Fuel injector timing (para 4-66). 

(3) Governor gap adjustment (para 4-676). 

(4) Fuel injector rack control level adjustment 
(para 4-67 c ). 

(5) Maximum no-load speed adjustment 
(para 4-67 d ). 

(6) Idle speed adjustment (para 4-67 e). 

(7) Governor buffer screw adjustment (para 
4-67 /). 

(8) Throttle booster spring adjustment (para 
4-67 g |. 

4-6!>. Exhaust Valve Clearance Adjustment 
fl. General. 

(1) The correct exhaust valve clearance at 
normal engine operating temperature is important 
for smooth, efficient operation of the engine. 

(2} Insufficient valve clearance can result in 
loss of compression, misfiring cylinders, and 
eventually burned valve seats and valve seat inserts. 
Excessive valve clearance will result in noisy 
operation, especially in the low speed range. 

(3 ) Whenever the cylinder head is overhauled, 
the exhaust valves are reconditioned or replaced, or 
the valve operating mechanism is 'replaced or 
disturbed in any way, the valve clearance must first 
be adjusted to the cold setting to allow for normal 
expansion of the engine parts during the engine 
warm-up period. This will ensure a valve setting 
which is close enough to the specified clearance to 
prevent damage to the valves when the engine is 
started. 

(4) All of the exhaust valves may be adjusted, 



in firing order sequence, during one full revolution 
of the crankshaft. 

b. Exhaust Valve Clearance Adjustment (Cold 
Engine). 

(1) Clean the loose dirt from the exterior of 
the engine and remove the valve rocker cover(s) 
(para 4-34). 

(2) Place the governor speed control lever in 
the idle speed position. Secure the stop lever in the 
no-fuel position (fig. 4-58A). 

(3) Rotate the crankshaft until the injector 
follower is fully depressed on the cylinder to be 
adjusted. 

CAUTION 

If a wrench is used on the crankshaft 
boh, do not turn the engine in a left- 
hand direction of rotation or the bolt 
will be loosened. 

(4) Loosen the push rod lock nut (fig. 4-56). 

(5) Place a 0.027 feeler gage between the end 
of one valve stem and the rocker arm bridge (fig. 4 
56). Adjust the push rod to obtain a smooth pull 
the feeler gage. 
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Figure 4-56. Exhaust valve adjusting points. 

(6) Remove the feeler gage. Hoi n 
with a 5/16 inch wrench and tigh-U 
with a } /2 inch wrench. 

(7) Recheck the clearance. At this time, if the 
adjustment is correct, the 0.025" gage will pass 
freely between the end of one valve stem and the 
rocker arm bridge, and the 0.027" gage will not 
pass through. Readjust the push rod, if necessary. 

c. Exhaust Valve Clearance Adjustment (Hot 
Engine). 

(1) Maintaining normal engine operating 
temperature is particularly important when making 
the final valve clearance adjustment. If the engine 
is allowed to cool off before setting any of the 
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valves, the clearance, when running at full load, 
may become insufficient. 

(2) With the engine at normal operating 
temperature ( 160 185F.I, recheck the exhaust 
valve clearance with a feeler gage. At this time, if 
the valve clearance is correct, the 0.23" gage should 
pass freely between the end of one valve stem and 
the rocker arm bridge and the 0.25'" feeler gage 
should not. Readjust the push rod, if necessary. 

(3) Use new gaskets when installing the valve 
rocker cover(s) (para 4-34). 

4-66. Fuel Injector Tinning 

a. General. 

(1) To time a fuel injector properly, the in- 
jector follower must be adjusted to a definite height 
in relation to the injector body. 

(2) All of the injectors can be timed, in firing 
order sequence, during one full revolution of the 
crankshaft. 

b. Time Fuel Injector. 

(1) Clean the loose dirt from the exterior of 
.hf engine and remove the valve rocker (roverls) 
'para 4-34A). 

12) Place the governor speed control lever in 
the idle speed position. Secure the stop lever in the 
no-fuel position (fig. 4-58A). 

(3) Rotate the crankshaft, manually or with 
the starting motor, until the exhaust valves are fully 
depressed on the particular cylinder to be timed. 

CAUTION 

Iff a wrench is used on the crank shaft 
bolt at the front of the engine, do not 
turn the crankshaft in a left-hand 
direction of rotation or the holt will be 
loosened. 

(4) Place the small end of the injector timing 
gage in the hole provided in the top of the injector 
body, with the flat of the gage toward the injector 
follower as shown in fig. 4-57. 

(5) Loosen the push rod lock nut (fig. 4-57). 

(6) Turn the push rod and adjust the injector 
rocker arm until the extended part of the gage will 
just pass over the top of the injector followers. 



(7) Hold the push rod and tighten the lock 
nut. Check the adjustment and readjust, if 

necessary. 

(8) Time the remaining injectors as outlined 
above. 

(9) Use new gaskets when installing the valve 
rocker covcr(s) (para 4-34). 




_B 



Figiu'c '//> 7. /'"MO/ injector timing adjustment point. i. 

l-47. Variable Speed Mechanical Governor and 
Injector Rack Control Adjustment 

<). General. 

(] ( The variable speed mechanical governor 
assembly is mounted at the rear of the 6V engine, 
between the flywheel housing and the blower (fig. 
4-58). The governor is driven by the right-hand 
blower rotor drive gear. 

(2) After adjusting the exhaust valves and 
timing the fuel injectors, adjust the governor and 
the injector rack control levers. 
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Figure 4-55. Governor adjustment points. 



b. Adjust Governor G&p. 
NOTE 

The engine must be stopped to adjust the governor 
gap. 

(]} Disconnect any linkage attached to the 
governor levers (fig. 4-58A). 

(2) Remove the governor cover. 

(3) Place the speed control lever (fig. 4-58A) 
in the maximum speed position (toward front of 

engine). 

(4) Insert a 0.006 inch feeler gage between 
the spring plunger and the plunger guide as shown 
in fig. 4-58B. If required, loosen the lock nut and 
turn the adjusting screw in or out until a slight drag 
is noted on the feeler gage. 

(5) Hold the adjusting screw and tighten the 
locknut. Check the gap and readjust if necessary. 

(6) Install the governor cover. 

c. Position Injector Rack Control Levers, 

(1) Injector control rack positioning and 
identification. 

(a) The position of the injector control 
racks must be correctly set in relation to the 
governor. Their position determines the amount of 
fuel injected into each cylinder and ensures equal. 
distribution of the load. 

(b) The Setters R or L indicate the injector 
location in the right or left cylinder bank, viewed 
from the rear of the engine. Cylinders are num- 
bered, starting at the front, of the engine on each 



cylinder bank. Adjust the No. 3L injector rack 
control lever first to establish a guide for adjusting 
the remaining levers. 

(2) Loosen the lock nut and back out the 
buffer screw (fig. 4-58 A) approximately %". 

(3) Remove the rocker arm covers (para 4- 
34). 

(4) Remove the clevis pin from the fuel rod 
and the right cylinder bank injector control tube 
lever. 

(5) Loosen all of the inner and outer injecto 
rack control lever adjusting screws (fig. 4-59B) 01 
both injector control tubes. Be sure all of the in 
jector rack control levers are free on the injecto 
control tubes. 

(6) Move the speed control lever to th 
maximum speed position. 

(7) Move the stop lever to the RUN positioi 
and hold it in that position with light finge 
pressure. Turn the inner adjusting screw of the No 
3L injector rack control lever down (fig. 4-59 A) 
until a slight movement of the control tube is ob 
served, or step up in effort to turn the screw drivej 
is noted. This will place the No. 3L injector rack ir 
the full-fuel position. Turn the outer adjusting 
screw down until it bottoms lightly on the injectoi 
control tube. Then, alternately tighten both the 
inner and outer adjusting screws. 

(8) To be sure the control lever is properly 
adjusted, hold the stop lever in the RUN position 
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and press down on the injector rack with a 
screwdriver (fig. 4-59B), or finger tip causing the 
rack to rotate slightly. The setting is sufficiently 
tight if the rack returns to its original position. If 
the rack does not return to its original position, it is 
too loose. To correct this condition, back off the 
outer adjusting screw slightly and tighten the inner 
adjusting screw. The setting is too tight if, when 
moving the stop lever from the STOP to the RUN 
position, the injector rack becomes tight before the 
governor stop lever reaches the end of its travel. 
This will result in a step-up in effort required to 
move the stop lever to the RUN position and a 
deflection in the fuel rod (fuel rod deflection can be 
seen at the band). If the rack is found to be too 
tight, back off the inner adjusting screw slightly 
and tighten the outer adjusting screw. 

(9) Remove the clevis pin from the fuel rod 
and the left bank injector control tube lever. 

UO) Insert the clevis pin in the fuel rod and 
the right cylinder bank injector control tube lever 
and position the No. 3R injector rack control lever 
as previously outlined in Step (7) for the No. 3L 
control lever. 

(11) Insert the clevis pin in the fuel rod and 
the left bank injector control tube lever. Repeat the 
check on the 3L and 3R injector rack control levers 



as outlined in Step (8). Check for and eliminate any 
deflection which may occur at the bend in the fuel 
rod where it enters the cylinder head. 

(12) Manually hold the No. 3L injector rack 
in the full-position, with the lever on the injector 
control tube, and turn the inner adjusting screw of 
the No. 2L injector rack control lever down until 
the injector rack of No. 2L injector has moved into 
the full-fuel position. Turn the outer adjusting 
screw down until it bottoms lightly on the injector 
control tube. Then alternately tighten both the 
inner and outer adjusting screws. 

(13) Recheck the No. 3L injector rack to be 
sure that it has remained snug on the ball end of the 
rack control lever while positioning the No. 2L 
injector rack. If the rack of the No. 3L injector has 
become loose, back off the inner adjusting screw 
slightly on No. 2L injector rack control lever and 
tighten the outer adjusting screw. When the settings 
are correct, the racks of both injectors must be snug 
on the ball end of their respective control levers. 

(14) Position the 1L injector rack control 
lever as outlined in Steps (12) and (13). 

(15) Position the No. 2R and 1R injector rack 
control levers as outlined above for the left cylinder 
bank in steps (12) through (14). 
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d. Adjust Maximum No-Load Speed; 

111 Start engine and operate until normal 
operating temperature of 160 to 185F is reached. 
Remove any load which may have been applied to 
engine to as.sist in warming up. 

(2) Place governor speed control lever in 
maximum speed position and measure engine 
revolutions per minute. 

(3) Stop engine and. if engine no-load speed 
measured above is less than 2650 or more than 
2800 revolutions per minute, adjust no-load speed 
as follows: 

fa) Refer to figure 4-58A and disconnect 
the booster spring and the stop lever retracting 
spring. 

fh) Remove the two attaching bolts and 
withdraw the variable speed spring housing (fig. 4- 
5HB), and the variable speed spring retainer 
located inside the housing. 

(c) Install one 0.010 inch thick shim for 
each increase of 20 revolutions per minute required 
lo bring engine speed to range of 2650 to 2800 
revolutions per minute. 

(d) Remove one 0.010 inch thick shim for 
each decrease of 20 revolutions per minute required 
to bring engine speed, above, within range of 2650 
to 2HOO revolutions per minute. 

fe) Install the variable speed spring housing 
and recbeck the maximum no-load speed. 

NOTK 

If the maximum no-load speed is raised or lowered 
more ihart ."><) rpm by the installation or removal of 
shims, recheck the governor gup. If adjustment of 
the governor gap is required, the position of the 
injector racks must be rechecked. 

e. Adjust Idle Speed. 

NOTE 

"I he maximum no-load speed must be adjusted 
before adjusting the idle speed. 

(1) Start engine and operate until normal 
operating temperature of 160 to 185F is reached. 
Remove any load which may have been applied to 
engine to assist in warming up. 

(2) Place governor speed control lever in idle 
speed position and measure engine revolutions per 
minute. 

(3) If engine idle speed is less than 500 or 
more than 550 revolutions per minute, adjust idle 
speed as follows: 

fa) Loosen idle speed adjusting screw 
locknut (fig. 4-58B). 

(b) Adjust engine idle speed by turning idle 
speed adjusting screw until engine speed is in range 
of 500 to 550 revolutions per minute. 

(c) Hold idle speed adjusting screw 



stationary and securely tighten idle speed adjusting 
screw locknut. 

/. Adjust Buffer Screw. 

(1) Place governor speed control lever in 
idle position and loosen governor buffer screw lock 
nut (fig. 4-58BI. 

(21 Tighten governor buffer screw until 
fluctuations in engine idle speed have been 
eliminated. Hold governor buffer screw stationary 
and securely tighten locknut. 

(3) Measure engine revolutions per minute. 

(41 If engine speed has increased by more 
than 15 revolutions per minute from idle speed, 
readjust engine idler as follows: 

fa) Loosen governor buffer screw lock nut 
and loosen governor buffer screw until it projects 
9/16 to 5/8 inch from surface of governor 
housing. 

(b) Adjust engine idle speed (para c- a hove) 
to value measured or to 550 revolutions per rninnte. 
whichever is lesser value. 

(5) Adjust governor buffer screw (steps (' 
through (3) above). 

(6) If engine idle speed has increased to me 
than 550 revolutions per minute, one or more fu 
injector rack control levers is out of adjustment. 
Perform fuel injector rack control lever adjustment, 
maximum no-load speed adjustment, idle speed 
adjustment, and governor buffer screw adjustment. 

(7) If engine idle speed is within 500 to 550 
revolutions per minute, place governor speed 
control lever in maximum speed position and 
measure engine revolutions per minute. 

(8) If engine maximum no-load speed has 
increased more than 25 revolutions per minute 
from speed measure, loosen governor buffer screw 
!/8 tu rn . 

(9) Hold governor buffer screw stationary and 
securely tighten locknut. 

g. Adjust Booster Spring. 

(1) Refer to figure 4-58B and loosen the 
booster spring retaining nut on the speed control 
lever. Loosen the lock nuts on the eye bolt at the 
other end of the spring. 

(2) Move the spring retaining bolt in the slot 
of the speed control lever until the center of the bolt 
is on an imaginary line through the center of the 
bolt, lever shaft, and eye bolt. Hold the bolt and 
tighten the locknut. 

(3) Start the engine and move the speed 
control lever to the maximum speed position and 
release it. The speed control lever should return to 
the idle position. If it does not, reduce the tension 
on booster spring. !f the lever does return to the idle 



posii.ion , continii" to increase the spring tension 
until the point is renchpd that it will not return to 
idle. Th^n. reduce the tension until it does return lo 
idle and tighten the loeknut on the eye b<dt. J. hin 
s"tti'i(r \\il3 result in the minimum force re'pio-pd to 
op< : ?at.e 'he speed control levor. 

(41 Connect the throttle control linkage t* 1 ^ lp 
governor levers. 

/?. Afijns! Enginp L<md l.imiiing Device. 

( I I Fngines arc eqnippfMl with a load h'milmfi- 
(i,-M ;,T <>' fp -'h !-vlin:h-r K'l-M'V. . l : \efer to fixnire -0<) 
.-'id ,!i -s orn !i-r<> '. h.'M c r .m.n;"i h.*;"s in ifu- .'tdj n^Mnt; 
5;--ir'v. J i < I ;' -.((' :> i 1 ' 1 Hi' ,'ini', : .i;/i r( M }: "'' f.fiti p'i(>|f Ina^kvi. 
hi Mis, %v)ii(;h fii^f.cn ih.-- ;.ul jnsl inr R'.MV; pliUe to the 
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I' 1 -) Adjust )h> lo,-i<l limit 



anil i 



is ,'/ 8 inr-1.. f;;ni th 



Ijriiii .Si'f<'%v, fo 



."i ; V 1 "';": 1 '' fhi lo?u! iiT'iil h- : \-i-?r cl-nnip holts so 

i>- ij '..-( ! fr rr (a (iir'i CM llir ini-i- loi" -;r--'k c<:i.iir-,:i 

i!.'.';." 

! f. i 'f fi-!'.:i-l t!i'' !M;U! li?ni! scr-'w into the 
:-,' ]!; sir;?: :.-. ' i .- jil;it' nrnil ( h" lo'-'-<iiHt hottonis 

;IM;M; ( .;! (h- I. MI ' ' '" I. hi' p!:>tc. 

(7) H^hJ ;h..' injector r;o k ci:ijiul tuhc in llx- 
fo.il !'.u 1 j.ri?.itir.n -"ul pK-K-e i.' 1 ' 1 k'J"! limit h-ver 
nf. :< ; i'".-.i fhe l.oMotu "f HK/ l.^ul !i : r-it SOTPW. I'ifrlitcH 
thr ' i >u'l !i')ii h?\ot" 'iin'p ni.ifv- t'i .^O 5") po\*Mi-]- 
feet {vyel tni-<]uei 

{ f) ) Che;'}<; to insure th^f injector rprks \viil 
just i;.i> into the f'.il! -fuel position; readjust the load 
lin'.il lev^r if necp-ssnry. 

IV) Hold f)M j lupd li'T.Hi screw to keep it from 
!uinm;. iLu'U v\ the lockout until the distance 
betivcii t?n- Ijoltoni of the; loclfPiit ynd the top of 
'Jie rf.Jjuptij'K si'- r f-w plale is 0.?"? inches (6 fnll 
tfjru.s of the null for 1N-,~0 injectors or 0.336 inches 
'8 ,fi'!i turns of the mil) for S-r>0 injectors. 

( 1.0) Throd '-he load limU srrevv into the plate 
until the !"cknu! bottonts against, the top of the. 
ph.t'^. 

NOTE 

Kncli full I. urn of tlio Adjusting screw eqiifils 0.042 

in-'l>i * or 0.007 fnr rach flat f >n '.br hrxa^nn head. 

(Ill Hold the lop<! limit screw to keep it from 
turrjiPfi . fJ'.eP ip ) fen t}jr> Jorki' to secure the 

p /: j | i ri rr , 



Sto 



pf*j ate un f ?l 



t, BeinuM'e fuel inlei u^ fii**? outlet tubes from 
No. 'M., fuel injector, 

d. Install a .miitabl' 1 jumpf' c-oniiecMion from No. 
2L fuel inj< i ''ior fuel siipply j>jrt. to No, 2L .fuel 
injector fuel return port.. 

i'. Ileinov*" f ''.!.. ?l. fi"'l i.ojef.'t.iji (p^rn 4-40), 



/, install au adapUv i.i pbv/o of No. I'l. i'ue! 
injector. 

g. Comierl pi;':->stU(- a{.,o (O.M)O psi | io arlaph-i. 

h. Start engine and op.-i'u?.. i- 600 revolutions 
per minute. 

i. Observe uud to-cu^l vuiui pi^sMou prf.sstur 
indicated on gage 

;'. Slop engine ami rtnu^'t- pi-f>.-,bi.m> gago. 

k. Remove adapter HI id jiuupc.n eornr^lion. 

I Install INo. ~L fur/ inp'rior uid find inlet aod 
outlet tuhr-!?. 



in. Measure < ylindc. .'iinpu'rijjion prc-SMiio of 
each remaining cs li.'U'i-^r in .-;-iuie ruautio'!', 

a. (..yluivU-r rnm pro;;.?,', >i; ps v.':j.Hirt. : >.f an: f.tu 
cyhddtM' rius^l !>r iut h-ss than tluu at ii.cii -jied 
ultiuuio tfig. 4-C. ! A I. 

O. 'J'lu- dilToreni.t hi.>lvVOi.i l.'i^ij.::.! cin3 loWOL-t 

cylinder compression pro:^)/;;, UMI^I tu- j;.it M :->,.': 
tlian 25 pounds per squarv inrh. 

/). Sf re({iufi!nit.'m? r.f pury . aj I,-.-, : ,,<\..i .; c.:i - :.: 

l!i>1 liH'l, l' 1 t'-.-r to U Ollblt-':-hoo! (Jj^ }^;,i ^jiil o j::;-i: 

H, chap. 2). 
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u. (.ior/uix.t ii si.iiuh!/ iiv . ii>!'.. v uin. t-.. !..! i\-i.r.irn 

li.10 at Icfl lv.\i: ..it' CJi^ii.l: or ^.iii'.fl'.'i. U( !.'i\gtil l<i 

<:onvenieiitly rir,.<:li if iuirkv! 01 ollvs snilaf.il)'' 



/). Slait dnd ..p^-k-aic -HJ. ijit .-;f apj.-roiiiimrtloly 
1200 rev.-odainiji, poi .niiiu'^-. 

C. t';o!k\':t furl flo.viu-; fji:iu fk:>ilde hl!u: ii) 

ooiituhu-i 1 fok a >!L-iiod o!' (;;u- U.IM<'.I.\ n^iri;.; a 
suitable thvioi- tt> ti-.tal;!i.r>i i - iira'' iiii-i'\'iil. 

(i. Stup i.-n^iil'.; ::. iid Isi . .>.':!. i .: vMU!!i;- )( '.Uf:! 
Collt'-ctfd. 

e. Vohiiuo of t',if! ,1,1 .iSijj't d Ki'uisi hr .;( U--^ lisa,* 
l /2 Ballon. 

/, 11 ic^ lli&j, '/i ^ulli-ii oi t..,:i is IF, . .--i.;L-.-.d. :*{:. 
lo U'Oul/k'6!jO(iEit);j,' (in-. H, chap. .21. 

4". );i;>v:0hn i-i' I'! ;.:.> iiiic !i. s, 
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oil through the breather tube or liquid level gage 
rod-cap hole in the cylinder block indicates ex- 
cessive cranke.ase pressure. The causes of high 
crankcase pressure may be traced to excessive blow- 
by due lo worn piston rings, a bole or a crack in a 
piston crown, loose piston pin retainers, worn 
blower oil seals, or defective blower, cylinder head 
or end plate gaskets. Obstructions in the breather 
tube may also cause the high crankcase pressure. 

b . P rop 11 ra ti o n jo r Tea t. . 

(]} Remove one of two lube connector 
assemblies from manometer by rotating connector 
in a counterclockwise direction. 

(2) Tighten remaining manometer tube 
connector assembly by hand, turning in a clockwise 
direction. Loosen tube connector one full turn. 

(3) Add five drops of dye to one pint of 
distilled water and mix. 

(4) Add enough solution prepared to 
manometer so that liquid level is approximately 

Apposite ?,ero mark on manometer scale when 
lanometer is held in a vertical position. 

(5) Install tube connector removed above and 
adjust per step (2) above. 

(6) Remove oil level gage rod-cap from engine 
oil gage tube. 

171 Install a suitable adapter in oil gage lube 
and connect hose lo adapter and to one of the 
manometer tube connector assemblies. 

(8) Mount manometer in a vertical position 
and adjust scale so that zero mark is opposite liquid 
level. 

c. Cr-inkcasf Pressure Test Procedure 

(II Close manometer tube connector attached 
to hose. 

12) Start engine and operate at a speed of 
2500 revolutions per minute. 

13) Slowly open manometer tube connector 
attached to hose while carefully observing liquid 
level in manometer tube. 

NOTE 

If the crankcase pressure is excessively high, it 
may exceed the capacity of the manometer. 
Discontinue the test if the liquid level approaches 
the limit of the manometer scale by closing the 
manometer tnhe connector. 

141 When manometer lube connector has been 
opened one full turn, measure crankcase pressure 
indicated on manometer scale- 

IS'OTF 

Manometer measurements are made hy adding 
together the displacements from ?.ero of the luo 
columns of \vater. This value is expressed as 
inches of water. 



(6) Increase engine speed to 2800 revolutions 
per minute. 

(7) Measure erankcase pressure indicated on 
manometer scale. 

(8) Measurement made must not exceed 1.0 
inch of water. 

(-) If requirements are not met, refer to 
troubleshooting (sec. II, chap. 2). 

(10) Disconnect hose from oil gage tube and 
install oil level gage. 

1-72. Box Pressure Test 

n. (i>(>n<>nil. Proper air box pressure is required 
to maintain sufficient air for fuel combustion arid 
for sea venging of combustion products. Low air box 
pressure is caused by damaged blower rotors, an air 
leak from the air box, such as leaking end plate 
gaskets, or a clogged blower air inlet screen. I^ack 
of power, black or grey exhaust smoke are in- 
dications of low air box pressure. 

b. Preparation for Test. 

(\ } Prepare a manometer in the same in an nor 
as outlined in paragraph 4-71 6, using mercury in 
place of the dye and water. 

(2) Remove crankcase ventilation system hose 
from right air box drain tube and connect hose to 
air box drain tube. Connect opposite end of hose to 
one of the manometer tube connector assemblies. 

13) Mount manometer in a vertical position 
and adjust sea le until zero mark is opposite mer- 
cury level. 

c. Test Procedure. 

(1) Remove all restrictions to flow of engine 
exhaust gases so that exhaust back pressure is zero, 

(2) Start engine and operate, with no load, at 
2500 revolutions per minute. 

(3) Measure air box pressure indicated on 
manometer. 

(41 Air box pressure measurement made must 
not exceed 4.8 inches of mercury. 

(51 Install suitable restrictions to flow of 
exhaust gases from both exhaust manifolds. 
Provide a suitable means for measuring exhaust 
back pressure in inches of mercury. 

NOTE 

Measure exhaust back pressure with same 
manometer prepared for air hox pressure test. To 
connect manometer hose a tap must be provided 
in t he exhaust lines. 1' lug the tap after test. 

161 Start engine and operate, with no load, at 
2.~>00 revolutions per minute. 

17) Adjust exhaust restrictions so that an 
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exhaust back pressure of 2.7 inches of mercury 
exists at each exhaust manifold. 

(81 Measure air box pressure indicated on 
manometer. 

(9) Air box pressure measurement made must 
not exceed 8.0 inches of mercury. 

(10) If requirements of steps (4) and (9) are 
not met, refer to troubleshooting (sec. II, chap. 2). 

(11) Disconnect hose from air box drain tube 
and install crankcase ventilation system tube to 
right air box drain. 

4-73. Run-In Procedures 

n. General. This section describes run-in 
schedules for overhauled engines prior to being 
placed in service. Engine run-in is performed after 
overhaul to assist in breaking in new parts, to detect 
faulty assembly, to check for leaks, and to deter- 
mine whether an engine will operate satisfactorily 
when installed in vehicle. 

b. Preparation for Run-in. 

{}) Couple engine to suitable load. The load 
may be a water brake or electric dynamometer. 

(2) Lubricate engine by forcing engine oil 
under pressure into lubrication system. This will 
insure adequate lubrication to engine parts until oil 
is circulated under pressure from engine oil pump. 
When prelubrication equipment is not available, fill 
nil external lines and oil cooler with proper grade 
oil. Fill crankcase with proper gfade oil to level on 
liquid level gage rod-cap. 

(3) Connect external source of fuel supply to 
engine. Connect same type air cleaners that are 
used with engine when installed in vehicle. Air 
intake should be located so that only cool, fresh air 
will be inducted in engine. Connect engine cooling 
system to a suitable heat exchanger or radiator, 
similar to vehicle type, to properly cool engine. Fill 
cooling system with coolant. A means must be 
provided for conducting exhaust gages away from 
test area. Provide a suitable external source of 24- 
volt direct current electrical power for starting the 
engine. 



4-74. Run-in 

a. Run-in Schedules. An overhauled engine 
should be started and run-in accordance with one of 
the following schedules. 

(D.When any of original bearings, piston 
rings, or cylinder liners of engine were replaced 
during overhaul, use long run-in schedule (table 4- 
121. 

(2) When original bearings, piston rings, and 
cylinder liners were installed during overhaul, use 
short run-in schedule (table 4-13). 

6. Performance Curve. Figure 4-6 IB charts 
mean performance curve. A variation of plus or 
minus two percent is acceptable. 

Table 4-12. Long Run-in Schedule 



Period 


Time 
(min) 


Engine Speed 
(rpm) 


Horsepower 


] 


5 


600 








(Start and Warm-Up 1 




o 


10 


1800 


30 


3 


30 


2200 


130 


4 


30 


2800 


171 


5 


30 


2800 


202 


6 


5 


600 


(Minimum 1 






(Cool Off Period) 





Table 4-13. Short Run-in Schedule 



Period 


Time 
(min) 


Engine Speed 
(rpm) 


Horsepower 


1 


5 


600 








(Start and Warm-Up) 




2 


5 


1800 


30 


3 


15 


2200 


130 


4 


15 


2800 


171 


5 


15 


2800 


202 


6 


5 


600 


(Minimum I 






(Cool Off Period) 
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Section 6. TRANSMISSION 



5-1. I ransniissio*i 

&. General. The ttansuiistJou t.-Os idiots of a oiiiglt.- 
stage torque converter coupled to a countershaft 
type transmission having two solf-adjust ing duplex 
clutch packs which provide two i'os v>, a.d ~d one 
reverse ratios of output, Tin- J.OHJUC tonve. ..er has 
;in integral lock up cliil.cli winch can only be 
engaged in forward gvars ami ai fs^e wlu;el. 1 he 
transmission is operated by a dual purpose shift 
tower, which delects both or '.-,-;>: d .;aj reverse, and 
the low or high range of output. Tin; lon'jue ooa- 
verter lock-up clutch io actualed by i\ momentary 
toggle switch on llie ins!n; : nenl panel, a 
microswitch in the shift umvr, and a solenoid 
operated control valve adjaix <u l> ihc b. aniinnssion. 
The transmission oil is cooled by being piped ' a 
cooling core contained sit ihe x'ch'jclc radiator. 1 >e 
transmission oil provides aiH lubrication and 
positive radial oil flo\v cooling for ihe c.lulch pai'^s. 

b. Removal. Refer to paragraph 2-7 and remove 
the transmission asseraibly. 

c. Disassembly. 

(1) The transmission '^ <- '->!; j :;>; ^ ''* " ; i several 
suhassemblies; a solenoid criiirol valvt., a pui'up 
group, a control valve group, a ran^e selccior valve 
assembly, torque converter, forward and reverse 
clutch groups, output shall, accessory drive group 
and the main housing. 

(2) Disassembly of the ircnis>niii.'.isioii assembly- 
is covered in paragraph 5-2 b, which in turn 
references separate paragraphs for each sub- 
assembly as they are removed from the main 
housing assembly. 

d. Cleaning, Inspection and Repair, Cleaning, 
inspection and repair of tSie transmission assembly 
is covered in each of the following paragraphs as 
pertains to each respective sub-assembly. 

e. Assembly. Assemble the transmission 
assembly in the reverse order of disassembly. 

/. Installation. Install the transmission in the 
reverse order of removal (para 2-7). 

5-2. Main Housing Assembly 

a. General. The main housing assembly consists 
of the transmission shell components, adapters and 
bearing retainers necessary for mating and 



alinenient of the various subassemblies. The 
assembly also includes the oil distribution tubes. 
b. Disassembly. 

(1) Remove the 4 screws which attach the 
solenoid valve to its mounting bracket. Remove the 
solenoid valve mounting bracket. 

I 2) Refer to paragraph 5-3, for disassembly o? 
the solenoid valve assembly. 

(3) Remove the dipstick from the main 
housing. Remove drain plugs (21 and 34, fig. 5-3) 
fi-oni adapter housing (12) and main housing (331. 
Discard preformed packings (22 and 35). 

(4) Remove level plug (21) from main 
housing. Discard preformed packings (22). 

(5) Remove six capscrews (3, fig. 5-5). Insert 
two of the capscrews in threaded holes provided i r 
cover plate (1). Turn the screws sufficiently to Hi 
the pump group from locator pins (15). Remov 
capscrews (6), that secure tube (7), to pump UOl. 
Refer to paragraph 5-4 for disassembly ol the pump 
group. 

(6) Remove capscrew (13, fig. 5-6). three 
capscreM's (16), and washers (12), that secure the 
control valve group to the transmission. Discard 
gasket (20). Refer to paragraph 5-5 for disassembly 
of the control valve group. 

(7) Remove two tubes (26, fig. 5-1) and 
discord preformed packings (25). 

(8) Remove six capscrews (5, fig. 5-.) and 
copper washers (6), that secure the range selector 
valve group to the collector housing. Discard 
gaskets (7 and 25). Refer to paragraph 3-6 for 
disassembly of the range selector valve group. _ 

(9) Remove the capscrews (17 and 20. fig. o- 
1 ), that secure the collector housing (41). Free the 
gasket face and gently withdraw the collecto 
housing, taking care not to damage the plon rings 
(23, fig. 5-9 and 5-10). Discard gasket (36, fig- o- 

(10) Remove retaining ring (37 fig. 5-R 
bearing (38),drive flange (40) and sea 91. from 
collector housing (41). Discard sea (391. 

(11) Remove the six piston (teflon) rings, UJ. 

fig. 5-9 and 5-10), with expanders. 
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(12) Remove two tubes (29, fig. 5-1 ). Discard 
the four preformed packings 127). 

(13) Remove adapter (1), and tube (44), 
discarding preformed packing (2 and 27). 

(14) Unscrew the flexible drive shaft (8, fig. 5- 
2). Remove six capscrews (47, fig. 5-1) and con- 
necting plate (46). Discard gasket (45). 

( 15 ) Using suitable wood 4x4 inch blocks as 
necessary for support, stand the transmission 
vertically on the casting flange at the output end of 
the main housing. 

(16) Remove the six capscrews (15, fig. 5-8). 

(17) Remove the six nuts (47), washer, 
"plate" (48), flexible drive plates (31 ), shims (33), 
and flywheel pilot (44). 

(18) With a suitable hoist and lifting strap, 
slowly withdraw the converter group from the 
housing. Refer to pargraph 5-7 for disassembly of 
the torque converter group. 

(19) Remove the twelve capscrews (17, fig. 5- 
1), and the adapter housing (12). Discard gasket 
(8). Remove seal (16) and discard. 

(20) Remove three machine screws (4, fig. 5- 
) and tachometer drive assembly (1). Remove four 

apscrews (9), mounting plate (5), and shim (6). 
Remove slotted screw (2) and locknut (3). Remove 
the right angle drive assembly (7) from connector 
plate (46, fig. 5-1). 

NOTE 

After removing rapscrews OK it may be necessary 
to swing the support bracket of the converter oil 
return tube assembly downward to remove 
mounting plate IS I. To turn the oil return tube 
assembly, loosen the jam nut which secures the 
tube assembly to the transmission housing. 
Remove the oil return tube assembly as necessary 
by unscrewing from transmission housing. 
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1Y to figure 5- 1 . 
Adapter 
Capacrew (8 ) 
Cover 
Screw 14) 
G ask et 
Fin (2) 
Gasket 

Bearing retainer 
Washer (19) 
Cap screw ((>) 
Adapter housing 
Gasket 
Cover 

Capacrew (2) 
Seal 

Cap screw (16) 
Capscrew (3) 
Retainer 
Capscrew (6) 
Plug (2) 

Preformed packing (2) 
Connecting block 
Return tube 

Preformed packing (6) 
Converter tube (2) 
Preformed packing U0| 
Tube (21 
Main tube (2) 
Drive screw (8) 
Name plate 
Instruction plate 
Main housing 
Drain plug 
Preformed packing 
Gasket 

Retaining ring 
Bearing 
Seal 

Drive flange 
Collector housing 
Gasket 
Cover 
Tube 
Gasket 
Plate 
Capscrew (6) 
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(21) Remove two capscrews (20) and washers 
(10) that secure the connecting block (23). Remove 
tubes (24 and 28) and discard preformed packings 
(25 and 271. 

(22) Remove the nine capserews (11 and 18), 
retainer (19), and bearing retainer (9). 



NOTK 

Tap the ends of the output shaft and reverse 
clutch shaft lightly with a soft hammer to free the 
hearings from the bearing retainer. 
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1. Tachometer drive assembly 

2. Slotted screw 

3. Lock nut 

4. Screw ( 3 ) 

5. Plate 

6. Shim set 

7. Right angle drive 

8. Flexible drwe shaft 

9. Capscrew (4) 

Figure 5-2. Transmission, accessory drive group, cross section view. 



<23) Insert two %-UNF eyebolts into the ends 
of the forward and the reverse clutch shafts. With a 
suitable hoist lift both clutch groups and the output 
shaft group about 4 inches. Swing the reverse 
clutch group and the output shaft back into the 
bottom of the main housing, and lift the forward 
clutch group straight out. 



(24) Lift out the reverse clutch group and 
then the output shaft group. Refer to paragraph 5-8 
for disassembly of the forward and reverse clutch 
groups, and paragraph 5-9 for disassembly of the 
output shaft group. 

(25) Remove capserews (3, fig. 5-1), screwy 
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loi, covers (4 and 431. and gaskets (6 and 42) as 
necessary. 
d. Cleaning, Inspection, and Repair. 

(II Clean all parts with an approved cleaning 
solvent and dry thoroughly. 

(2) Inspect all tubes for burs, cracks, dents, or 
ether damage. Remove any burs with fine crocus 
cloth. Replace a tube that is cracked, dented, or 
badly damaged. 

13) Inspect all castings for scored bores and 
mnchiiipd surfaces, cracks, or other signs of 
damage. Remove minor scoring with fine crocus 
doth. Replace a cracked or badly damaged casting. 

141 Inspect all tapped holes for stripped or 
ttlherwise damaged threads. Rework threads as 
necessary. 



TRANSMISSION CASE TOP 



(II Coat all parts with transmission oil, refer 
In current lubrication order, to facilitate 
reassembly. 

(21 Lubricate and install new seals, gaskets, 
iiiifl preformed packings. 

(31 Stand the main housing 33, fig. 5-1 ), on 4 
x 4 inch wood blocks in such a manner, which will 
dot obstruct the shaft holes in the output side of the 
housing . 

14) Place the assembled output shaft group. 
splined end first, into the bottom of transmission 
housing. Place the reverse clutch group, by means 
of a suitable hoist attached to an eyebok inserted 
into the tapped end of th< j shaft. 

(")) By the same means lower I he forward 
clutch .shaft group into the transmission housing 
until approximately four inches from the bottom. 
Raise the reverse clutch group and output shaft 
group sufficiently to mesh all gears of the three 
groups. Refer to figure 5-3 for relative positioning 
of shaft groups. 



FORWARD 



\ N 



CLUTCH A 
I PACK ^ 



/ REVERSE ///\v< r^;- x \ 

//CLUTCH n: \\;^r \A 
.'.PACK |V| V; ;; iji 

\\ xV/y;\ //OUTPUT//; 

"-' ' 



SHAFT 
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Figure 5-,?. Positioning diagram for transmission .s/ia/'f? 

(6) With all gears meshed, lower the shaft 
groups as a unit until, the hearings on the bottom of 
the clutch groups have been seated in their 
respective bores in the transmission housing. 

(7) Position the bearing retainer (9. fig. 5-1 i. 
over the reverse clutch shaft bearing, output shaft 
bearing, and locator pins in transmission housint;. 
Press retainer (9) into place and secure with 
retainer (19) and capscrews (11 and 181. 

(8) Insert tubes (24 and 28). with new 
preformed packings (25 and 271 into connecting 
block (23). Position connecting block in trans- 
mission bousing (33), and secure with two cap- 
screws (201 and washers (10). 

(9) Thread lockhut (3, fig. 5-2) on slotted 
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screw (2), and install in end of output shaft. Turn 
the slotted screw until the top of the head is 
0.63 / 0.61 inch from the end of the shaft. Secure 
the slotted screw in this position by turning locknut 
13), against the output shaft. 

(10) Attach the tachometer drive assembly 
{ 1 ) to the mounting plate (5) with three machine 
screws (4). With shims (6), position the assembled 
tachometer drive assembly and mounting plate over 
the slotted screw (2), and secure with four 
capscrews (9). 

NOTE 

One capscrew 1-) also secures the oil return tube 
assembly support bracket. 

NOTE 

Position the tachometer drive assembly, so as to 
have the tachometer drive output connection 
pointing directly toward the connector plate (46, 
fig. S-ll. 

(11) Install a new seal (16), in the adapter 
housing (12). Using a new gasket (8), secure the 
Adapter (12) to the transmission housing (33) with 
.welve capscrews (17). 

(12) With a suitable hoist and lifting strap, 
slowly lower the converter group into the housing. 

CAUTION 

When lowering converter into the 
housing it is important to aline the 
converter carefully with the housing so 
as not to damage seal (16). 

NOTE 

It may be necessary to rotate the converter slightly 
to engage splined end of forward clutch shaft. 

(13) Secure the converter group to trans- 
mission with six capscrews (15, fig. 5-8). Tighten 
capscrews to 34 38 pound-feet torque. 

(14) Remove lifting strap from converter. 
Install flywheel pilot (44), shims (33), flexible 
drive plates (31), and washer, "plate" (48). Secure 
with six nuts (47). Tighten nuts to 77 85 pound- 
feet torque. 

(15) Mount the right angle drive assembly (7, 
fig. 5-2) on connector plate (46, fig. 5-1) so as to 
have the drive output pointing toward the engine. 
Install the connector plate (46) and gasket (45). 
Secure with six capscrews (47). 

(16) Install flexible drive shaft (8, fig. 5-2). 
Position new preformed packings (27, fig. 5-1) on 
tube (44), and install through port in connector 
plate (46). Install adapter (1) and preformed 
packing (2). 

(17) Position new preformed packings (27) 
on tubes (29) and insert tubes through the rear of 
the transmission housing until seated in the con- 
nector block (23). 

(18) Install six piston (teflon ) rings (23, fig. 5- 



9 and 5-10), with expanders on the projecting ends 
of the clutch shaft assemblies. 

(19) Install a new seal (39, fig. 5-1) in 
collector housing (41 ). Assemble drive flange (40). 
collector housing (41), bearing (38), and retaining 
ring (37). 

(20) Position the collector housing assembly 
with gasket (36), over the clutch shafts and splmetl 
output shaft. Slide the assembly on as squarely a.s 
possible to avoid damage to the piston ring- 
fig. 5-9 and 5-10). Secure with capscrews (1 . ctucl 
20, fig. 5-1). 

(21 ) Position the range selector valve group 
(fig. 5-7), with gaskets (7 and 25), on the collector 
housing ( 4 J , fig. 5-1 ) and secure with capscrews ( 5 , 
fig. 5-7) and copper washers (6). Tighten rap- 
screws to 34 -38 pound-feet torque. 

(22) Position new preformed packings (25, 
fig. 5-1 ), on tubes (26) and install through side of 
transmission housing (33) pushing until seated in 
carrier guide (14, fig. 5-8). 

(23) Position the control valve group (fig. 5-6) 
with gasket (20) over protruding tubes (24, 26, arid 
28, fig. 5-1), and secure with capscrews (13, and 
16, fig. 5-6) and washers (12). Tighten capscrews 
to 34 38 pound -feet torque. 

(24) Install pump group (fig. 5-5) and aline 
with locator pins (15), in transmission ho using. 
Secure with six capscrews (3). Tighten capscrews to 
34 38 pound-feet torque. 

(25) Install plugs (21 and 34, fig. 5-1) with 
preformed packings (22 and 35) respectively. 
Install dipstick. 

(26) Install covers (4 and 43) and gaskets (6 
and 42 ), as necessary, securing with capscrews (3), 
and screws (5). 

(27) Install the solenoid valve mounting 
bracket on the rear of the transmission housing. 
Secure the solenoid valve to the bracket with 4 
screws. 

5-.H. Solenoid Control Valve Assembly 

a. Gcneral.The solenoid control valve assembly 
is a solenoid pilot operated three way directional 
control valve which operates the converter lock-up 
clutch. The main spool is operated by a pilot 
pressure of 220 p.s.i., has a spring return 
mechanism which renders the valve inoperative 
below a pilot pressure of 180 p.s.i. Oil is ported 
through the solenoid core at a reduced pressure of 5 
to 20 p.s.i. to lubricate the lock-up clutch and to 
lubricate and cool the exterior of the forward and 
reverse clutch groups. 

b. Removal and Disassembly. 

(1) Tag and disconnect all hydraulic tubes 
and hoses, and the electrical lead. 



12) Remove the solenoid control valve 
assembly, paragraph 5-2. 

(3) Remove four-screws that secure solenoid 
end assembly (1, fig. 5-4), to valve assembly (2). 

(4) Separate solenoid end assembly from 
valve assembly. 

15) Remove four screws that secure end 
assembly (3), to valve assembly (2). 

(6) Separate end assembly and valve 
assembly. 

NOTE 

Do not attempt further disassembly as the 

solenoid valve is serviced only by the three 

siibassemblies indicated in figure 5-4. 
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c. Cleaning, Inspection and Repair. 

(1) Clean exterior of subassemblies with a 
damp cloth and dry thoroughly. 

(2) Inspect castings for cracks or other 
damage. Inspect machined mating faces for pitting 
or scoring. Replace any damaged assembly. 

d. Assembly and Installation. 

(1) Assemble the solenoid control valve 
assembly in reverse of disassembly (para b, above). 

(2) Install the solenoid control valve assembly 
(para 5-2). 
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KEY to Hgtare 5-4. 
1. Solenoid end assembly 
"1. Valve assembly 
3. End ao&frnbly 

54. Oil Pump Group 

a. General. The transmission oil pump is gear 
driven directly from the rotating housing. The 
pump draws oil from the transmission sump 
through a screened suction tube, ports the oil 
directly to the cooling coils in the radiator, and 
maintains an oil pressure of 220 p.s.i. for proper 
transmission operation. 

b. Removal and Disassembly. 

(1) Remove the oil pump group (para 5-2). 
12) Remove breather (2, fig. 5-5). 

(3) Remove two capscrews (6), suction tube 
(7), and discard gasket (8). 

(4) Remove retaining ring (5), drive gear (4), 
nnd machine key (9). 

(5) Remove four capscrews III}, pump 
assembly (10), gasket (13), and adapter plate (14). 
Discard gasket (13). 

c. Cleaning, Inspection and Repair. 

(1) Clean all parts in an approved cleaning 
solvent and dry thoroughly with compressed air. 

(2) Inspect the screen of the suction tube for 
corrosion or other damage that might restrict oil 
flow. 

(3) Inspect drive gear for signs of excessive 
wear. 
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(4) Replace any part that is damaged or worn. 
d. Assembly and Installation. 

(1) Assemble the oil pump group in the 
reverse of disassembly, paragraph 6 above. 

(2) Install new gaskets (8 and 13). 

(3) Tighten capscrews (11) to 3438 pound- 
feet torque. 

(4) Install the oil pump group (para 5-2). 
5-5. Control Valve Group 

a. General. The transmission control valve 
group is an externally mounted valve, which 
distributes the oil from the oil filter to the torque 
converter and the rang? selector valve. 

b. Removal and Disassembly. 

(1) Remove the control valve group (para 5- 
2). 

(2) Remove plug (19, fig. 5-6), spring (18), 
and piston (17). 

(3) Remove capscrews (1), copper washer 
(12), cover (2), and plate (4). Discard gaskets (I. 
and 5). 

CAUTION 

Piston (6) is under high spring tension. 
Use caution when removing cover (2). 

(4) Remove piston (6), springs (7 and 8), and 
piston (9). 

(5) Remove check ball (10), and spring (11). 
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1. Plate 

2. Breather 

3. Capscrew (6) 

4. Gear ^ 

5. Retaining ring 



6. Capscrew 121 

7. Suction tube w / strainer 

8. Gasket 

9. Key 
10. Pump 

Figure 5-5. Transmission oil pump group, exploded view. 



1 1. Capscrew (4) 

12. Pin (21 

13. Gasket (2) 

14. Adapter plate 

15. Pin (2) 
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KKY to figure 5-6. 

1 . Cup screw I 41 

2 . Cover 
!i. Gasket 
4. Plate 
.">. Gasket 
<>. Piston 
7. Spring 
il. Spring 
( ). Piston 

10. Ball 
1 I. Spring 

I 2. Copper washer 18 I 
l?i. Capscrew 
14. Ping (2) 

l.'i. Preformed packing (2) 
Ih. Capscnnv { ,'i I 
IT. Piston 
IH. Spring 
I'). Plug 
I). Gasket 

1. Housing 

2. Piston 
L!!. Cylinder 
: 4. Piston 

NOTK: I each washer P / N t! A 1908 and UA1008A not illustrated. For adjustment 
of control fluid pressure. 



(6) Remove piston (24), cylinder (23), and 
piston (22). 

(7) Remove plugs (14) and preformed 
packings (15), as necessary for cleaning and in- 
spection of the valve housing (21). 

c. Cleaning, Inspection and Repair. 

(1) Clean all parts with an approved cleaning 
solvent and dry with compressed air. 

(2) Inspect the pistons and housing bores for 
scoring or other damage. Replace a scored or 
otherwise damaged piston or housing. 

(3) Inspect springs for broken, cracked, or 
deformed condition. Replace any spring which is 
broken or otherwise damaged. 

d. Assembly and Installation. 

1 I ) Lubricate all parts with clean transmission 
oil. 

(2) Install new gaskets (3 and 5), and 
preformed packings (15). 

(3) Assemble the transmission control valve 
group in reverse of disassembly, paragraph b 
above. 

(4) Tighten capscrews ( 1 ) to 34 38 pound- 
feet and plug (19) to 35 47 pound-feet torque. 

(5) Install the transmission control valve 
group (para 5-2). 

5-6. Range Selector Valve Group 

a. General. The transmission range selector 
valve is remotely operated by the lever in the shift 
tower, located in the cab. The valve directs oil flow 



to one of the four clutches, providing two speed 
ranges in both forward and reverse directions. 
b. Removal and Disassembly. 

(1) Remove the range selector valve group 
(para 5-4). 

(2) Remove four capscrews (26, fig. 5-7) and 
housing (81. Discard gasket (9). 

(3) Remove and discard preformed packing 
(18). 

(4) With a suitable puller, remove bearing 
(10). 

(5) Remove four capscrews (15), cover piste 
(24). 

(6) Remove roll pins (14) and plate (22). 

(7) Pivot valve (12) until detent plate ( 17) i 
free, then slide base plate (16) from shaft (19). 

(8) Remove detent ball (13), spring (30) 
wiper (27), and washers (29), from valve (12). 
Remove and discard preformed packings (21) and 
(28). 

NOTE 

Make note of the manner washers (291 are 
grouped to facilitate assembly in the same 
manner. 

(9) No further disassembly of the valve (12), 
pin (11), shaft (19), and bearing (20) is practical. 

c. Cleaning, Inspection, and Repair. 

(1) Clean all parts in an approved cleaning 
solvent and dry with compressed air. 

(2) Inspect wiper (27), base plate (16), and 
detent plate (17), for scoring or signs of wear. 
Remove minor scoring of wiper and base plate with 
lapping stone or fine crocus cloth. Replace badly 
scored or worn parts. 

(3) Inspect bearings for rough spots. Rotate 
bearings by hand to detect roughness. Replace as 
required. 

NOTE 

Replacement of bearing (201 will necessitate 
replacement of valve 112). pin 111), and shaft 
1191 also. 

(4) Inspect housing (8), cover (24), and plate 
(22), for cracks or other damage. Replace parts as 
required. 

d. Assembly and Installation. 

(1) Lubricate all parts with transmission oil. 
Install new preformed packings (18, 21, and 28), 
and gasket (9). 

(2) Assemble the range selector valve in 
reverse of disassembly (para b, above). Tighten 
capscrews (15 and 26) to 3438 pound-feet 
torque. 

13) Install the range selector valve group on 
the transmission (para 5-2). 
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5-7. Torque Converter Group 

a. General. The torque converter is a single 
stage unit which incorporates a lock-up clutch for 
positive mechanical drive. A spur gear is mounted 
to impeller wheel to provide direct drive to the 
transmission oil purnp. 

b. Removal and Disassembly. 

(1) Remove the torque converter group (para 
5-2). 

(2) Remove capscrew (41, fig. 5-8) and clamp 
plate (40). Discard preformed packing (39). 

(3) Remove retaining ring (43), capscrews 
(7), and washers (6). Lift housing (30), from unit. 
Remove and discard preformed packing (27). 

(4) Remove retaining ring (4) and backing 
plate (3). Remove clutch plate assembly (51). 

(5) Remove four capscrews (35), washers 
(34), bearing retainer (49), and bearing (45). 
Discard preformed packing (32). 

(6) Remove clutch piston assembly (1) and 
seal ring (2) from housing (30). 

(7) Remove piston ring (46), and lift wheel 
29) from shaft (18). Remove retaining ring (36). 

(8) Lift guide wheel (26) from unit and 
emove retaining rings (24), inner race (23), thrust 

washer (9), freewheel cage (8), rollers (25), and 
freewheel cam (50). Remove thrust bearing (22). 

(9) Remove capscrews (12), plate clamps 
(10), and impeller wheel (5). Remove and discard 
preformed packing (11). 

(10) Remove pump drive gear (13) and piston 
ring (20) from carrier guide (14). 

(11) Remove carrier guide (14) from shaft 
(18). Remove the two piston rings (19). 

(12) Remove retaining ring (17) and with a 
suitable puller, remove bearing (16). 



c. Cleaning, Inspection and Repair. 

(1) Clean all parts except clutch plate 
assembly (51) in an approved cleaning solvent and 
dry with compressed air. Clean the clutch plate 
assembly with a damp cloth and dry thoroughly. 

(2) Inspect bearings (16 and 45) for 
roughness by rotating by hand. Inspect rollers (25 ), 
inner race (23) and the freewheel cam (50) for 
roughness. Replace parts as required. 

(3) Inspect impeller (5), wheel guide (26), 
and wheel (29), for cracks or damaged fins. 
Replace parts as required. 

(4) Inspect the clutch plate assembly (51) for 
wear. Replace as required. 

(5) Inspect faces of clutch piston assembly (1) 
and backing plate (3), for scoring or other signs of 
wear. Remove minor scoring with a lapping stone 
or fine crocus cloth. Replace a badly scored or worn 
part. 

(6) Inspect all other metal parts for cracks, 
scoring, burs, or other damage. Remove all burs 
and minor scoring. Replace parts as required. 

d. Assembly and Installation. 

(1) Lubricate all parts with clean transmission 
oil. Install all new seal rings and preformed 
packings. 

(2) Assemble the torque converter in reverse 
of instructions in paragraph b above. 

(3) Tighten capscrews (7 and 41), to 155 
170 pound-feet, capscrews (35), to 34 38 pound- 
feet, and capscrews (12) to 19 21 pound-feet 
torque. 

(4) Install the torque converter (para 5-2). 
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1. Preformed packing 

2. Plug 

3. Key 

4. Retaining ring 
"'. Capscrew ( 6 1 

('. Copper washer (61 



8. 

<). 
10. 
11. 



Gasket 

Housing 
Gasket 

Bearing 
Fin 

Valve 



13. Ball 

14. Roll pin 121 
].>. Capscrew (41 
If). Base plate 

Detent plat 



IH. 



Shaft 25. Gasket 

Bearing 2(). Capscrew 141 

SVeformed packing 27. Wiper 
Plate 



Roll pin 121 



S > refornifd packing L |. Cover 
Figure 5-7. Transmission range selector valve group, exploded view 



2H. Preformed packing 
2D. Washer 1 10) 
30. Spring 
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Figure 5-8. Torque converter, cross-section view. 
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KEY to figure 5-8. 

1. Piston clutch assembly 

2. Seal ring 

3. Plate, backing 

4. Retaining ring 
."i. Impeller wheel 
(>. Flat washer 124) 
7. Capscrew (241 

H. Freewheel cage 
0. Thrust washer 

10. Hate clamp (21 

11. Packing, preformed 

12. Capscrew (81 

13. Pump drive gear 

14. Carrier guide 

15. Capscrew 16) 
Ih. Ball bearing 
17. Retaining ring 
1. Output shaft 
1<>. Piston ring (2) 

Piston ring 

Bronze bushing 
22 Thrust bearing 
2,'{. Inner race 

24. Retaining ring (2) 

25. Freewheel roller (14) 

26. Guide wheel 

27. Packing, preformed 
2. Pipe plug (2) 

29. Wheel 
,'10. Housing 

31. Drive plate (3) 

32. Packing, preformed 

33. Shims 

34. Washer (4) 

35. Cupscrew (4) 
3f>. Retaining ring 

37. Stud (o) 

38. Packing, preformed 
3 ( ). Packing, preformed 

40. Plate clamp 

41. Capscrew 

42. Roll pin 

43. Retaining ring 

44. Pilot flywheel 

45. Ball bearing 
4(). Pistnn ring 

47. Nut (6) 

48. Washer 

4<). Retainer, bearing 

50. Freewheel cam 

51. Plate clutch assembly 

5-8. Forward and Reverse Clutch Shaft Groups 
a. General. The forward and reverse clutch 
shaft groups are each a dual clutch pack, with one 
clutch engaging the low speed range gear and the 
other engaging the high speed range gear. Both 
clutch shaft groups are identical with in- 
terchangeable parts except lor the shaft (17, fig. 5- 
9), and plug (29) of the forward clutch shaft group 
and the shaft (17, fig. 5-10) and bearing (29) of the 



6. Removal snd Disassembly. 

(1) Remove the forward and reverse clutch 
shaft groups (para 5-2). 

NOTE 

The following disassembly is applicable to both 
the forward I fig. 5-91 and reverse (fig. 5-1 01 
clutch shaft groups. 

(2) Remove retaining ring (22), bearing (21), 
spacer (20), gear (19), two thrust washers (3), and 
thrust washer (2). 

(3) Remove retaining ring (1), bearing (29) 
(reverse shaft only), thrust washers (2 and 3), and 
gear (4). 

NOTE 

Remove ihe following from each end of the shaft 
groups. 

(4) Remove retaining ring (5), clutch plat 
(6), six friction plates (7), and five disc plates (16 

CAUTION 

When handling the friction plates and 
disc plates, use gloves to prevent 
corrosion of the plates. Keep plates well 
coated with transmission oil. 

NOTE 

Before further disassembly, measure the distance 
between the exposed faces of pistons (10). Upon 
assembly these pistons must be set to this same 
dimension. 

(5) Remove capscrews (8), lockouts (24), 
pistons (10), springs (11), washers (12), and 
spacers (27). Remove inner retaining rings (5). 

(6) Remove capscrews (15) and locknuts 
(24). Separate spiders (13 and 25), and gear (28). 

(7) Remove retaining ring (26) and plugs 
(18), from shaft (17). Remove orificed plug (29) 
(forward shaft only) from shaft. 

(8) Remove piston rings (9 and 14) as 
required. 

c. Cleaning, Inspection and Repair. 

(1) Clean all parts in an approved cleaning 
solvent and dry with compressed air. 

CAUTION 

When handling the friction plates and 
disc plates, use gloves to prevent 
corrosion of Ihe plates. Keep plates well 
coated with transmission oil. 

(2) Inspect friction plates (7) for wear or 
warped condition. New friction plates are grooved 
approximately 0.010 inch deep on the faces for oil 
flow. Replace friction plates when groove has 
disappeared. Coat plates with transmission oil 
immediately after inspection. 

(3) Inspect faces of pistons (10), disc plates 
(16), and clutch olates (6) for scoring or signs of 
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stone. 
plates. 



ace a 



scored or worn piston or 



NOTE 

When lapping faces of piston or plates, the face 
must remain square with their respective bores. 

(4) Inspect gears (4, 19, and 28), for broken, 
cracked, or worn teeth. Replace gears as required. 

(5) Inspect spiders for cracks, broken splines, 

or other damage. Replace as required. 

(6) Inspect bearing for roughness by rotating 
by hand. Replace as required. 

d. Assembly and Installation. 

1 I ) Lubricate all parts with clean transmission 
oil 

(2) Assemble the clutch shaft groups in 
reverse of instructions in paragraph b above. 

(3) Tighten capscrew (8 and 15) to 3438 
pound-feet and plugs (18) to 7.5 10 pound-feet 
torque. 

NOTE 

The clutch packs are self-adjusting when 
assembled, and no further adjustment is 
necessary. 

5-9. Output Shaft Group 

a. General. The output shaft group consists of a 
low and high speed gear mounted on a straight 



splined shaft, which drives the output flange of the 
transmission. 

6. Removal and Disassembly, 

( 1 ) Remove the output shaft group (para 5-2). 

(2) With a suitable puller, remove bearing (1, 
fig. 5-11). 

(3 ) Remove sea! (5) and gear (4). Discard the 
seal. 

(4) Remove retaining rings (6) and gear (2). 

c. Cleaning, Inspection and Repair. 

(1} Clean all parts in an approved cleaning 

solvent and dry thoroughly. 

(2 ) Inspect gears for broken, cracked, or worn 
teeth. Replace as required. 

(31 Inspect shaft for cracks, burs, or other 
damage. Remove burs with fine crocus cloth. 
Replace a cracked or otherwise damaged shaft. 

14) Rotate bearing by hand to detect any 
roughness in rotation. Replace as required. 

d. Assembly and Installation. 

Cl } Lubricate all parts with clean transmission 
oil. Use a new seal (5). 

(2) Assemble the output shaft group in reverse 
of instructions in paragraph b above. 

(3) Install the output shaft group (para 5-2). 
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1. Retaining ring 

2. Thrust washer 13) 
^. Thrust washer 1 41 
4. Gear w / bushing 
i. Retaining ring 141 
<>. Clutch plate (2 1 

T. Friction plate (121 
o- Capscrew I 3 I 



'>. Fiston ring 121 

0. Fiston (2! 

1. Spring I I 

2. Washer 101 
,'i. Spider 

4. Piston ring 121 

.">. Oansrreu I'M 



10. Disc plate (101 

17. Shaft 

IK. Pipe plug 12) 

I '). Gear w / hushing 

20. Spacer 

21. Bearing 

22. Retaining ring 
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23. Piston ring (31 

24. Locknut 112) 
2."). Spider 

2fi. Retaining ring 
2T. Spacer (31 
2. Gear 
2*). Plug w/ orifice 



TM 5-3810-290-34 



13 




23 



ME 3810-290-34/5-10 



1. Retaining ring 

2. Thrust washer (3) 

3. Thrust washer (4) 

4. Gear w / bu,hing 

5. Retaining ring (4) 
(K Clutch plate (2) 

7 !?;:,> r,io (191 



9. Piston ring 12) 

10. Piston (2) 

1 1. Spring (6) 

12. Washer 16) 

13. Spider 

14. Piston ring 12) 

1 ^ Parlor a u , IQ1 



16. Disc plate (10) 
17. Shaft 


23. 

24. 


18. Pipe plug (2) 
19. Gear w / bushing 
20. Spacer 
21. Bearing 


25. 
26. 
27. 
28. 



99 Rptnininir rirnr 



23. Piston ring (3) 

24. Locknut (12) 
Spider 

Retaining ring 
Spacer (3) 
Gear 

2Q. Bearine 



TM 5-3810-290-34 




ME 3810.290-34/5-11 



1. Bearing 

2. Gear, high 

3. Shaft 

4. Gear, low 

5. Seal 

6. Retaining ring <3) 

Figure 5-11. Transmission output shaft group, exploded view. 



Section SI. TRANSFER CASE AND TRACTION LOCK SYSTEM 



5-10. General 

The transfer case is mounted behind, and con- 
nected to the transmission by a short drive shaft. In 
turn, the transfer case is connected to the rear and 
front drive axles by means of shafts equipped with 
universal joints. A HI-LO speed range (1.415:1 
and 2.6:1) to the drive axles is provided by the 
transfer shift lever located in the crane cab. In 
addition to the gearing components, a traction lock 
system is incorporated in the transfer case to 
overcome loss of traction on either axle. This 



feature is controlled by the crane operator by means 
of a panel control lever. 
5-11. Transfer Case Assembly 
a. Removal and Disassembly. 

(1) Remove the transfer case in accordance 
with the instructions given in paragraph 2-5. 

(21 Place the transfer case on the work bench 
or stand for disassembly. 

(31 Remove the nuts (27 and 57, fig. 5-121, 
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washers (26, 56 and 99) and yokes (25, 55 and 
98). 

(4) Remove governor (48), shaft (47), and 
sleeve (46). 

(5) Remove screws (1) and lockwashers (2) 
that secure covers (3 and 28), retainer (23), and 
housing (45). Separate cover, retainer, and housing 
from transfer case and record amount of shims (4, 
5, 29, and 30) removed. Discard gaskets (22 and 



(6) Remove and discard sea! (24) from 
retainer (23). 

(7) Remove sleeve (51), gear (50), and if 
required, bushing (49) from housing (45). 

(8) Remove screws (96), lockwashers (95), 
retainer (94), and discard gasket (93). Remove 
retaining ring (91), bearing (92), and seal (97) 
from retainer (94) and discard seal. 

(9) Remove screws (1) and lockwashers (2) 
Sat secure clutch housing (73) and separate 

jcmbled clutch housing, differential, and output 
afts, from transfer case. Discard gasket (74). 

( 101 Remove bearing (90). retaining ring (89 ), 
output gear (88), and key (87) from differential 
assembly. Remove output shaft (84). 

(11) Remove screws (1) and lockwashers (2), 
and separate cover (58) from clutch housing. 
Discard gasket (116). 

(12) Remove seal (54), retaining ring (53), 
bearing (52), and clutch bearing (62). Remove and 
discard preformed packings (59 and 60). Remove 
pin (61), if replacement is required. 

(13) Lift clutch cone (63), output shaft (64), 
spacers (65), friction disks (66), and opposing 
disks (67) from clutch disk. 

( 14) Remove retaining rings (68), clutch disk 
(69), and pull assembled differential (75 thru 86) 
from clutch housing (73). 

(15) Remove retaining ring (70) and bearing 
(71) from clutch housing. 

(16) Separate front and rear differential cases 
(77 and 85) by removing four nuts (76) and screws 
(86). Then separate gears (79), thrust washers (78 
and 82), differential pinions (83), and pinion shaft 
(80). Remove bushings (75) and roll pin (81 ) only 
if replacement is required. 

(17) Loosen nut (107) and remove rod end 
(106). 

(18) Remove relief fitting (108), screw ( 109), 
nut (110), spring (111), and ball (112). 

(19) Remove lockwire (6), two screws (7) and 
end plates (8) from end of input shaft (18). 



(20) Remove screws (113), nuts (115), lock- 
washers (114), and separate cover (100) from 
transfer case (101 ). 

(21) Lift out the intermediate shaft assembly 

and disassemble as follows: 

fa y Remove lockwires (6), four screws (31 ), 
and end plates (32 and 43). 

(b) Remove gear (4 I ), key (42), and spacer 
(40). 

fry Remove bearings (33 and 39), gears (34, 
35 and 36), and key (37) from intermediate shaft 
(38). 

(22) Lift input shaft assembly from case and 
disassemble as follows: 

fa^ Remove bearing (21), spacer (20), and 
gear (19) from input shaft. 

f/?y Remove spacer (10), gear (12), and shift 
cone (17) from input shaft (18). 

fcJ Remove bearings (11), spacers (14), and 
retaining rings (13) from gears (12 and 19). 

(23) Remove bearing (9) from transfer <:as<> 
(101). 

(24) Lift shifter shaft (103) from cast 4 and 
remove selsrrew (16) and shift fork (15). 

(25) Press seals (104) from case (101) arid 
cover (100). 

b. Cleaning, Inspection, and Repair. 

( 1 ) Clean all parts, including the transfer case, 
with an approved cleaning solvent. Dry thoroughly 
with compressed air. 

(2) Inspect al! gears and shafts for wear and 
scoring. Remove light scoring with a lapping stone 
or fine crocus cloth. Replace any shaft or gear with 
deep scoring or signs of excessive wear. 

(3) Rotate all bearings by hand to detect any 
signs of roughness or damage. Replace as required. 

NOTE 

Any bearing with a total radial clearance in excess 
of O.()02."> inch should be replaced. 

(4) Inspect the discs of the tractionlock (66 
and 67) for wear. If wear is noticeable replace the 
disc assembly. 

c. Assembly and Installation. 

(1) Assemble the component parts of the 
transfer case in the reverse order of disassembly. 

Use new gaskets, packing, and seals when 
assembling. Tighten all screws to the torque 

specified (refer to TM 5-3810-290-12), for the 

respective screw and nut sizes. 

(2) Install the transfer case in the carrier (para 
2-5). 
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KY to figure 5-12. 

1 . Screw 

2. Lockwasher 

3. Cover 

4. Shim 005 

5. Shim 020 
(>. Wire 

7 . Screw 

K. End plate 

l ). Bearing 

10. Spacer 

1 1 . Bearing 

12. Gear 

13. Retaining ring 

14. Spacer 

15. Shift fork 
J(>. Setscrew 

1 ~ . Shift cone 
18. Input shaft 
1<>. Gear 

20. Spacer 

2 1 . Bearing 

22. Gasket 

23. Retainer 

24. Seal 

25. Yoke 

26. Washer 

27. Nut 

28. Cover 

29. Shim 020 

30. Shim 005 

3 1 . Screw 

32. End plate 

33. Bearing 

34. Spur gear 

35. Drive gear 

36. Spur gear 
3T. Key 

38. Countershaft 

39. Bearing 

40. Spacer 

41. Gear 

42. Key 

43. End plate 

44. Gasket 

45. Housing 

46. Sleeve 

47. Shaft 

48. Governor 

49. Bushing 

50. Gear 

51. Sleeve 

52. Bearing 

53. Retaining ring 

54. Seal 

55. Yoke 

56. Washer 

57. Nut 

58. Cover 

59. Packing 

60. Packing 

61. Pin 

62. Bearing 

63. Clutch cone 

64. Shaft 

65. Spacer 



00. Friction Disk 
07. Opposing Disk 
OH. Retaining ring 
09. Clutch disk 

70. Retaining ring 

71. Bearing 

72. Pipe plug 

73. Clutch housing 

74. Gasket 

75. Bushing 
70. Nut 

77. Front diff. case 

78. Thrust washer 

79. Gear 

80. Pinion shaft 

81. Roll pin 

82. Thrust washer 

83. Diff. pinion 

84. Shaft 

85. Rear diff. case 
80. Screw 

87. Key 

88. Gear 

89. Retaining ring 

90. Bearing 

91. Retaining ring 

92. Bearing 

93. Gasket 

94. Retainer 

95. Lockwasher 

96. Screw 

97. Seal 

98. Yoke 

99. Washer 

100. Cover 

101. Transfer case 

102. Pipe plug 

103. Pipe plug 

104. Seal 

105. Shaft 

106. Rod end 

107. Nut 

108. Relief fitting 

109. Screw 

110. Nut 

111. Spring 

112. Ball 

113. Screw 

114. Lockwasher 

115. Nut 

116. Gasket 



5-12. Tractionlock System 

a. Generall^ tractionlock system incorporated 
in the carrier drive system to compensate for loss of 
traction on any wheel or either axle is an air con- 
troiled-hydraulic system. The system is engaged or 
disengaged by means of a toggle type air valve 
located on the instrument panel. The power cluster 
is essentially an air chamber coupled directly to a 
brake master cylinder for approximately a 1 : 8 ratio 
step up from the air pressure input to the hydraulic 
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>utput. The pressurized hydraulic fluid then 
jngages the clutches in the axles and transfer case 
tor complete, positive traction. 

b. Removal and Disassembly. 

(1) Remove the power cluster (para 2-6). 

(2) Remove three capscrews (28, fig. 5-13), 
lockwashers (27) and spacer (26). 

(3) Remove two capscrews (13) and lock- 
washers (1 4) and separate air chamber from master 
cylinder, removing the seal (12). 

(4) Remove stroke indicator assembly (21) 
and lockwasher (15). 

15) Remove three capscrews (16), lockwashers 
(15), and bracket (17) from the air chamber. 

(6) Remove eight capscrews with lockwashers 
(2) that secure shell (1) to the head (8). 

(7) Lift out piston and rod assembly (5) and 
remove and discard piston cup (3) and wiper (4). 

(8) Lift off spring (6) and remove boot (7) 
from head assembly (8). 

(9) If necessary for replacement, retainer (9), 
filter (10), and filter screen (11) can be removed. 

(10) Remove plug (22) and discard gasket 
(23). 

(11) Remove plug (41) and washer (42). 

(12) Remove retainer ring (18) and lift out 
plate (19), piston (20), cups (35 and 34) and 
spring assembly (33) from master cylinder body 
(24). 

(13) Remove bolt (40), washer (39), tee fitting 
(38), washer (36), and tube fitting plug (37). 

c. Cleaning, Inspection, and Repair. 

(1) Clean all metal parts with an approved 
cleaning solvent and dry with compressed air. 

(2) Inspect all parts for cracks, scratches, 
burrs, sharp edges or other damage. 

(3) Remove any burrs and break sharp edges 
found. Replace any part that is cracked, deeply 
scratched or otherwise badly damaged. 

d. Assembly and Installation. 

(1) Replace all rubber cups, wipers, and the 
boot with new parts. 

(2) Inspect all parts for cracks, scratches, 
burrs, sharp edges or other damage. 

(3) Remove any burrs and break sharp edges. 

(4) Install the power cluster (para 2-6). 



Key to figure 5-13. 

1. Shell 

2. Screw, assembled washer 

3. Piston cup & spring assembly 

4. Piston wiper 

5. Rod & piston assembly 

6. Spring 

7. Boot 

8. Cylinder head assembly 

9. Retainer 

10. Filter 

1 1. Filter screen 
1 2. Seal ring 
13. Capscrew 

1 4. Lockwasher 

15. Lockwasher 

16. Capscrew 

17. Bracket 

18. Retaining ring 

19. Plate 

20. Piston assembly 

21. Stroke indicator assembly 

22. Pipe plug 

23. Gasket 

24. Air cylinder assembly 

25. Bleeder screw 

26. Spacer 

27. Lockwasher 

28. Capscrew 

29. Capscrew 

30. Lockwasher 

31. Nut 

32. Bracket 

33. Spring & retainer assembly 

34. Cup 

35. Cup 

36. Washer 

37. Plug, tube fitting 

38. Fitting, tee 

39. Washer 

40. Boll, fluid passage 

41. Plug, machine 

42. Washer 
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Figure 5-13. Power cluster assembly, exploded view. 
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Section III. WHEEL HUB, PLANETARY DRIVE, AND 
BRAKE ASSEMBLIES 



5-13. General 

Each axle mounts two planetary, wheel hub, and 
brake assemblies. The front and rear assemblies are 
identical with the exception of the brake chambers. 
The braking chambers differ in that the rear 
braking system uses a heavy duty dual-diaphragm 
chamber, whereas the front chamber, also a dual- 
diaphragm unit, is of lighter construction. The 
broke assembly components are identical, and the 
disassembly, repair, and installation details are the 
same. Disassembly does not require removal of the 
axle. 

5-14. Wheel Hub and Planetary Drive 

a. Removal. 

(1) Remove the wheel assembly (refer to TM 
5-3810-290-12). 



(21 Remove the plug (34, fig. 5-14) from hub 
132) and drain the lubricant. 

13) Remove the capscrews (1), lockwashers 
12). cover (3), and gasket (4). Discard the gasket. 

(4) Remove the capscrews (36), lockwashers 
(371. and capscrews (38). 

(51 Remove thrust button (5), retaining ring 
16), spur gear (7), and thrust washer (8). 

( 6) Insert two bolts in the threaded holes in the 
spider (9) and with suitable puller, remove the 
spider assembly. 

(7) Remove the skein locknut key (16) and 
using the skein locknut wrench, remove the skein 
locknut (17). 
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Key to figure 5-14. 

1. Capserew (6) 

2. Lockwasher (6! 

3. Cover 

4. Gasket 

5. Thrust button 

0. Retaining ring 
7. Gear, spur 

ft. Thrust washer 

9. Spider 

10. Pin (3) 

1. Ball (3) 

2. Thrust washer 16) 

3. Needle brg. (6) 

4. Spacer (3) 

5. Planet gear I.'-? I 
16. Key 

1 7. Lock nut 

18. Bushing 

19. Ring gear 

20. Ring gear hub 
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21. Retainer 141 

22. Capscrevv (81 

23. Lockwire (81 

24. Brg. cone 

25. Brg. cup 

26. Capscrew (81 

27. Lockwaaher (8) 

28. Brake drum 

29. Seal 

30. Brg. Cone 
3 1. Brg. cup 

32. Hub 

33. Nut (10) 

34. Magnetic plug (21 

35. Wheel stud (10) 

36. Capscre%v (12) 

37. Lockwasher (12) 

38. Capscrew (21 

39. Pressure relief fitting 



Figure 5-14. Planetary outer end, wheel hub and brake drum assemblies, exploded view. 



NOTE 

Quantities given in legend are for one wheel 
assembly. 

181 Remove the assembled ring gear (19) and 



hub (20). The bearing cone (24) will remain at- 
tached to the ring gear hub. 
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(1) Remove capscrews (26, fig. 5-14) and 
lock, washer? (27!. Remove brake drum (28) from 
hub (3>M. 

(2! Remove seal (29), bearing cone (30), and 
hearing r-ups (25 and 31 ) from the hub (32). 

(3) With suitable puller remove bearing cone 
(241 from hub (20). 

(4) Remove lorkwire (23), capscrews (22), 
relainej s ( 2 I ) and separate ring gear (19) from hub 
(20). 

(5) Bushing (18) shouid only be removed if 
inspection indicates replacement is necessary. 

(6) Press out pins (10) and ball (11) from 
spider (<)) and remove planetary gears (15). 

(7) Remove thrust washers (12), needle 
bearings (13), and spacers (14), from planetary 
gears. 

c. Cleaning, Inspection, and Repair. 

( I } Clean all parts with an approved cleaning 
solvent and dry thoroughly with compressed air. 

(21 Inspect the brake drum for scoring. 
Remove scoring by turning on a lathe but do not 
turn in excess of 17.325 to 17.335 inches inside 
diameter. This will allow 0.040 inch wear after 
reboring. If these dimensions are exceeded, replace 
the brake drum. 

(3) Inspect bearings, needle and roller, for 
rough spots. Rotate by hand to detect roughness. 
Inspect bearing cups for surface smoothness. 
Replace thrust washers if scored. Replace parts as 
required. 

(4) Inspect the spur gear (7), planetary gears 
(15), and ring gear (19) for wear on teeth. The 
normal backlash is 0.007 to 0.011 inch. If the 
backlash exceeds 0.018 inch, replace the gears. 

NOTE 

Irregular wear on gear teeth may be caused by 
worn bearings I 1 31. worn pins (10). or worn 
bushing I IK). Replace as required. 

i5) Inspect wheel studs (35) for stripped 
threads or other damage. Replace as necessary. 

d. Assembly. 

(1) Position hub (20) on ring gear (19) and 
secure with retainers (21), capscrews (22) and 
lockwire (23). 

(2) Install bearing cone (24) on hub (20). 

(3) Install bearing cups (25 and 31), bearing 
cone (30). and a new seal (291 in hub (32). 
Lubricate seal with G090. 

(4) Install brake drum (28) on hub (32) and 
secure with capscrews (26) and lockwashers (27). 
Torque to 160 180 pound-feet. 

(5) Assemble planetary gears (15), needle 



e. Installation. 

U( Install the assembled hub (32) and brake 
drum (28). 

(2) Install the assembled ring gear (19) and 
hub (20). 

(3) Install locknut (17) and tighten to obtain 
a breakaway force of 15-20 Ibs. at the 15.12 inch 
diameter of hub (32). Secure locknut in position by 
inserting keys ( 16 (. 

(4) Install the spider assembly (9) and secure 
with capscrews (36) and lockwashers (37). Torque 
capscrews to 100 1 10 pound-feet. Replace the 
two capscrews (38). 

(5) Install the thrust washer (8) and spur gear 
(7) securing with retainer ring (6). 

(6) Install thrust button (5) in cover (3). 

(7) Place a new gasket (4) on cover (3) and 
position on spider (9) with arrow pointing opposite 
the drain hole in the hub (32). Secure with six 
capscrews (I) and lockwashers (2). Torque cap- 
screws to 50 58 pound-feet. 

(8) Install drain plug (34) in hub (32), service 
planetary housing in accordance with current 
lubrication order, and install fill plug (34). 

(9) Install the wheel assembly (refer to TM 5- 
3810-290-12). 

5-15. Brake Assemblies 

a. Removal and Disassembly. 

(1) Remove the wheel hub and planetary 
drive (para 5-14). 

(2) Disconnect the brake chamber clevis from 
the slack adjuster arm. 

(3) Remove the springs (2 and 4, fig. 5-15), 
rollers (3), retaining rings (10), brake shoes (1), 
and anchor pin (20). 

(4) Remove the retainer ring (13), slack 
adjuster (14), spacer (15), actuating shaft (5), 
washer (6), and seals (7). Discard the seals (7). 

(5) Remove the nuts (12), lockwashers (11), 
spider (91, and dust shields (16). 

b. Cleaning, Inspection, and Repair. 

(1) Clean all parts with an approved cleaning 
solvent and dry thoroughly with compressed air. 

NOTE 

Do not immerse the brake linings in solvent. Wipe 
clean with a moistened cloth. Remove glazed spots 
with fine abrasive cloth. 

(2) Measure the brake lining thickness. 
Replace brake linings when worn to 0.250 inch 
thickness. New molded brake linings are 0.750 
inch thick. Secure new brake linings ( 18, fig. 5-1 5 ) 
with flat head screws (171 and nuts (19), making 
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sure screw heads are seated properly, and provide 
0.500 inch or more brake lining material above the 
screw heads. 

(3) Inspect nylon bushings (8) in spider (9) 
I and socket (35, fig. 5-16). A new bushing measures 

1.50 inches inside diameter. Replace a badly worn 
or scored bushing. 

(4) Inspect roller (3, fig. 5-15), actuating 
shaft (5), washer (6), and spacer (15) for excessive 
wear, scoring, or burred edges. Remove scoring and 
burrs with fine crocus cloth. The minimum 
diameter of the rollers (3) is 0.125 inches and the 
minimum measurement (center to extreme lobe 
edge) on the actuating (cam) shaft is 1.875 inches. 
Replace a badly worn or scored part. 

(5) Inspect brake retainer and tension springs 
(2) and (4) for cracks or other signs of damage. 
Replace as required. 

(6) Inspect slack adjuster for delects. Replace 
as required. 

c. Reassembly and Installation. 
(1) Position dust shield (16, fig. 5-15) and 



spider (9) on studs of axle skein and secure with 
lockwashers (11) and nuts (12). 

(2) Install new seals (7) in spider (9) and 
socket (24, fig. 5-16). 

(3) Position washer (6, fig. 5-15) on actuating 
shaft (5) and install shaft in spider and socket. 
Install spacer (15). 

(4) Install rollers (3) and springs (2) on brake 
shoes (1). 

(5) Position brake shoes with spider and 
install anchor pin (20) and retainer rings (10). 
Install tension spring (4). 

(6) Install slack adjuster (14) on actuating 
shaft (5) and secure with retaining ring (13). 

NOTE 

Slack adjuster must be installed with the ratchet 
assembly facing away from the air chambers. 

(7) Install wheel hub and planetary drive 
(para 5-14). 

(8) Adjust slack adjusters (refer to TM 5- 
3810-290-12). 
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1. Brake shoe (2) 

2. Spring (2) 

3. Roller (2> 

4. Spring 

5. Actuating shaft 
0. Thrust washer 
7. Seal (2) 

. Bushing, NM (2) 

9. Spider 

10. Retaining ring (2) 



11. Lockwasher (12) 

12. Nut (12) 

13. Retaining ring 

14. Slack adjuster 

15. Spacer 

16. Dust shield 

17. Screw (32) 

18. Lining (4) 

19. Nut (32) 

20. Anchor pin 



Figure 5-15. Brake assembly, exploded view. 
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Section IV. AXLE ASSEMBLIES 



5-16. General 

The front and rear axle assemblies are very similar 

units, consisting of the main axle housing, inner 

and outer axle shafts, ball journals, and sockets, 
and axle skein. The axle housings and steering arms 

are different from front to rear, however, most 
parts are interchangeable. The following paragraph 
on axle assembly repair is applicable to both front 
imd rear axle assemblies. 



!>] 7. Axle Assenil 
a. Removal. 

(1) Install blocking to support the un- 
dercarriage protection plate. 



Do not remove capscrews from front of 
arms without supporting the un- 
dercarriage protection plate. 

(a) Remove four capscrews, lockwashers, 
and flatwashers that secure front of outrigger arms 
to outrigger box. 

(b) Remove pivot pins from rear box. 

(c) Remove pivot pins from rear of arms, 
and remove protection plate. 

(2) Jack up the carrier frame sufficiently to 
provide clearance for removal of the wheels. 

CAUTION 

Install adequate blocking to support the 
carrier. 

(3) Disconnect the propeller shaft at the 
universal joint at each axle. Disconnect the 
hydraulic lines connected to each axle, and 
hydraulic lines connected to each steering cylinder. 

(4) Remove the wheels (refer to TM 5-3810- 
290-12). 

(5) Remove the front axle by: 

(a) Disconnecting the power steer control 
arm at the drag link end, and the air lines at the 
brake chambers. Remove one brake chamber (refer 
to TM 5-3810-290-12). 

(b) Placing a dolly under the axle and 
install sufficient blocking to support the axle. 

(c) Remove the nuts (34, fig. 2-4), lock- 
washers (33), and capscrews (29). 

(d) Remove the axle by pulling out the dolly 
from the side of the crane. Place the axle on a 
suitable work stand or supports. 

(6) Remove the rear axle by: 

(a) Disconnecting the air lines to the brake 
chambers and lock chamber. Remove one brake 
chamber. Place a dolly under the axle and install 
sufficient blocking to support the axle. 

(b) Remove the nuts (37, fig. 2-4), lock- 



washers (36), and caps (35). Remove sufficient 
blocking in order that the pivot frame 132) will 
clear the car- / frame. 

(c) Remove axle by pulling out the dolU 
from the side of the crane. 

(d) Remove the nuts (34), lockwasher< 
(33), capscrews (29), and the pivot frame (321 
from the axle. Place the axle on a suitable work 
stand or supports. 

(e) Inspect and replace any damaged or 
excessively worn parts on the pivot frame before 
replacing on the axle. 

(7) Remove the wheel hub and planetary 
drive (para 5-14). 

(81 Remove the brake assemblies (para 5-15 I. 
19) Remove plug (16), fig. 5-161 and drain 
lubricant from the axle housing (151. 

b, Disassembly. 

(1) Tap skein (1) with soft hammer and 
remove. 

(2) Remove outer and inner axle assembly (2, 
3, 7, 8 and 9) seal (4), retaining ring (51, and ball 
bearing (6! from axle housing (15). 

(3) Remove cotter pins (25), nuts (26) and tie 
rod assembly. 

NOTE 

Disassembly is identical for each end except that 
steering arm (3 ( )l is replaced by a cover on op- 
posite end. 

(4) Remove eight nuts (37), steering an 
(39), tie rod arm (30), shims (31), and top ca t 
(36). 

(5) Remove capscrews (10), lockwashers 
(11), retainer connectors (12), seal retainer (13), 
and packing (50) from rear of socket (35). 

(6) Remove the shouldered shafts (32) from 
the top and bottom of the socket (35) with suitable 
tool. 

(7) Remove the socket from the ball 1441. 
Remove the bearing cones (42). 

(8) Remove nuts (45), capscrew (40), and 
lockwashers (41) and (46). Remove the ball (44) 
from the axle housing (15). 

(9) Remove the seals (49) and 48) from_the 
rear of the ball. Discard seals and packing (oOl. 

c. Cleaning, Inspection, and Repair. 

(!) Clean all parts with an approved cleaning 
solvent and dry with compressed air. 

(2) Inspect the bearing cones 142) for worn or 
damaged rollers. Inspect bearing cup* (43) tor 
wear or rough spots. Replace as required. 
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(3) Inspect shafts (32) for wear or scored 
areas. Replace as required. 

(4) Inspect all studs and capscrews for worn or 
damaged threads. Replace as required. 

(5 ) Inspect axle shaft assembly for play in cage 
(3 and 9). Torque cage screws (2) to 85-95 pound- 
feet. End play between inner (8) and outer (7) axle 
should not exceed 0.006 0.008 inch. Radial 
(angular) play between axles should not exceed two 
degrees. Inspect splined ends of shafts for signs of 
wear or damaged teeth. Replace shafts and cages as 
required. 

16) Inspect interior of socket (35) for wear or 
signs of scoring, cracks, or damage. Replace as 
required. 

(7) Inspect surface of ball (44) for scoring or 
rough spots. Replace ball as required. 

(8) Inspect tie rod socket assemblies (27) and 
ms (30) for wear. Replace as required. 

(9) Inspect steering arm (39), (rear steer lock 
.ate on rear axle) for wear or damage. Replace as 

required. 

(10) Inspect axle housing (15) for wear, 
cracks, or damage. Replace as required. 

d. Assembly. 

(1) Install new seal (48) in ball (44). Place 
new seal (49) over rear of ball. 

(2) Install ball on axle housing (15) and attach 
with lockwashers (41) and (46), nuts (45), and 
capscrews (40). Torque nuts and capscrews to 
370390 pound-feet. 

(3) Lubricate bearing cones (42), cups (43), 
and install in balls (44). 

(4) Position socket (35) on ball. Secure in 

a 

plate by pressing shouldered shafts (32) into the 
bearing cones (42). 

(5) Position the seal (49) in the rear of the 
socket, install packing (50) and secure with the seal 
retainers, (13), retainer connections (13), cap- 
screws (10), and lockwashers (11). Torque cap- 
screws to 15 20 pound-feet. 

(6) Install top cap (36), shims (31), steering 
arm (39), and tie rod arm (30). Secure with nuts 
(37). Torque nuts to 290300 pound-feet. 

NOTE 

After assembly and torquing nuts, the socket (35) 
should move freely on the ball (441 without 
binding or excessive play. The shims (311 are 
supplied in three thicknesses: 0.005, 0.010, and 
0.015 inches. Add or remove shims as required to 
provide 20-25 pound-feet torque on the bearings 
(42). 

(7) Install the tie rod assembly and secure with 
nuts (26) and cotter pins (25). 

(8) Install seal, retaining ring, ball bearing, 
and inner and outer axle assembly in the axle 
housing (15). 



(9) Install the axle skein (1). 
e. Installation. 

( 1 ) Install the front and rear axles by reversing 
the order of removal. 

(2) Service in accordance with current 
lubrication order. 

/. Alinetnent Specifications. Stable steering and 
correct turning radius is assured when the following 
specifications have been checked with accurate 
instruments after the axles have been installed on 
the carrier chassis. 
( 1 ) Toe-in 1 / 16 1 / 8 inch. 

(2) Camber 1 degree positive. 

(3) King pin inclination .. 8 degrees. 

(4) Caster 2 degrees positive. 

(5 ) Adjust capscrews ( 17, fig. 5-16) to provide 

26-30 degree turning radius. 



Key to figure 5-16. 

1. Skein 

2. Screw (16) 

3. Cage (2) 

4. Seal, plain 

5. Ring, retaining 

6. Bearing, ball 

7. Axle, outer (2) 

8. Axle, inner (2) 

9. Cage 12) 

10. Capscrew (20) 

1. Lock washer (20) 

2. Retainer (4) 

3. Seal retainer (4) 

4. Retainer, seal 

5. Housing, front 
Housing, rear 

1 6. Plug, pipe 

1 7. Capscrew 12 ( 

18. Nut (2! 

19. Stud 1221 

20. Tie rod 

21. Nut (21 

22. Lockwasher (2) 

23. Clamp (2) 

24. Capscrew (2) 



25. 'Pin, cotter (2) 

26. Nut (2) 

27. Socket Assembly 

28. Nut, self-locking 

29. Lockwasher 

30. Arm, tie rod 

31. Shim 

32. Shaft, shouldered (4) 

33. Fitting, lubrication 

34. Fitting, relief 

35. Socket 

36. Cap, top (RH) 

37. Nut (16) 

38. Stud, ball 

39. Arm, steering ILH) 

40. Capscrew (2) 

41. Lockwasher (21 

42. Cone, bearing (4) 

43. Cup. bearing (4) 

44. Bail (2) 

45. Nut (22) 

46. Lockwasher (22) 

47. Fitting, lubrication (4) 

48. Seal (2) 

49. Seal (2) 

50. Packing, preformed (2) 
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Section V. DIFFERENTIAL CARRIER ASSEMBLY 



5-18. General 

Each axle houses a differential carrier assembly 
mounted in a case, and installed in the axle. The 
carrier assemblies are identical in design, and 
maintenance instructions are applicable to both 
front and rear axle assemblies. Each carrier 
assembly is connected to the transfer case through 
drive shafts equipped with universal joints. 

5-19. Differential Carrier Assembly 

a. Removal. 

(1) Remove axle assembly (para 5-17). 

(2) Remove the wheel hub and planetary drive 
(para 5-14). 

(3) Remove the brake assembly (para 5- 1 5 I. 

(4) Remove plug (12, fig. 5-16) and drain 
lubricant from the axle assembly. 

(51 Tap skein (1) with a soft hammer and 
remove. 

(6) Pull outer and inner axle assemblies (2, 3, 
, 5, and 61 from each side of the axle assembly. 

(7) Remove 20 capscrews (38, fig. 5-17) and 
skwashers (37). Insert two capscrews in the 
readed holes in the carrier case. Tighten the 

screws and remove the differential carrier assembly 
from the axle housing. 

b . D is a ss e in b ly. 

( 1 ) Remove two hydraulic lines (64, fig. 5- 17 ), 
jlbows (63) and adapters (65). 

( 2 ) Rein ove capscrews (9 and J 1 ) and the lock 
10) that secure the cylinder nut (2). Remove 
ylSnder nut (2), piston (8), preformed packing (3 
nd 5), and back-up rings (4 and 6). 

(3) Remove thrust bearing (62), lockout 
spacer (61), traction lock discs (59 and 60), and 
inner spacer (58). 

(4) Remove capscrew (11) and lock (29). 
Remove safety wire and four capscrews (35) from 
the bearing caps (33 and 34). Remove the bearing 
caps and bearing lockouts ( 1 2 and 288. Remove the 
differential assembly from the carrier housing (36). 

(5) Remove bearings cups ( 13 and 27). With a 
suitable puller, remove bearing cones (14 and 26). 

(6) Remove safety wire, eight capscrews (25) 
and four capscrews (30) from differential housing. 
Separate the two halves of the differential housing 
(15 and 24). 

(7) Remove the. four thrust washers (19), 
pinion gears (20). spider (21), two side gears (22), 
and thrust washers (23). 

(8) Remove the twelve capscrews (18) and 
lock nuts (16) that secure the ring gear (17) to the 
differentia! housing (15). 



NOTE 

The rinf; j^;ir I ! 71 and the pinion shaft 1401 are 
mulched items and must be installed as a sel. 

19) Remove nut (54). washer (55), and yoke 
(56) from the pinion shaft (40). 

(10) Remove the capscrews (53), lockwashers 
(52), seal retainer (51), and seal (57). Discard the 
seal (57). 

(11) Insert two '/2-13 NC capscrews into the 
two threaded holes in bearing retainer (49). 
Tighten the screws to remove the pinion assembly 
from the carrier housing (36). Remove shims (47 
and 48). 

(12) Remove the outer bearing cone (45) and 
spacer (50). 

(13) With a suitable puller or press, remove 
ihe inner bearing cone (45), and pilot bearing (39), 
from pinion shaft (40) and remove bearing cups 
(4(>) from bearing retainer (49). 

(14) Remove nut (31), setscrew (32), plug 
(43), and oil scoop M2l. 

(15) Remove fill plug (44; and relief fitting 
(41) from carrier housing (36). 

c. Cleaning, Inspection, and Repair. 

(1) Clean all parts with an approved cleaning 
solvent and dry thoroughly with compressed air. 

(2) Inspect all gears, pinion shaft, thrust 
washers, and bearing cups for scoring or excessive 
wear. 

(3) Place bearing cones in their respective 
cups ami rotate by hand to detect roughness or 
excessive play. 

(4) Inspect the tractionlock fiber-faced discs 
and friction discs for scoring and wearing of fiber 
facing. 

(5) Replace all parts as required. 

d. Assembly. 

(1) Install pilot bearing (39) and inner 
bearing cone (45) on pinion shaft (40), and bearing 
cups (46) into bearing retainer (49) with a suitable 
press. 

(2) Install bearing retainer (49), with in- 
stalled cups, spacer (50), outer bearing cone (45), 
yoke (56), washer (55), and nut (54), onto the 
pinion shaft (40). Torque nut (54), to 350 450 
pound-feet. 

(3) Check the preload on the pinion bearings 
by securing the bearing retainer in a vise, wrapping 
a stout cord around the neck of the yoke, and at- 
taching a spring scale to the free end of the cord. 
The break-away force required to rotate the shaft 
as indicated on the scale should read between 11 
14'/2 pounds (15- 20 inch pounds). If the reading 
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nn the scale is less than 11 pounds, the spacer (50), 
is too thick; if the reading is greater than 14 V 
pounds, the spacer must be replaced by a thicker 
spacer. Grind a thick spacer or replace a thin spacer 
as required to obtain the desired reading. 

14) Remove the nut (54), washer (35), and 
yoke (56), to install a new seal (571 and seal 
retainer (51). Reinstall the nut, washer, and yoke 
on the pinion shaft. Torque the nut to 350 450 
pound-feet. 

(5) Install the pinion gear assembly into the 
carrier housing (36). using shims (47 and 48), 
onpscrews (53), and Jorkwashers (52). Torque 
rapscrews to 135 145 pound-feet. 

CAUTION 

When inslalliing pinion genr assembly 
into diffi'rcsuitfS carrier housing, the oil 
hole provided in the Ibeariiiig retainer 
(49), must aline winli She oil passage off 
the differentia! carrier housing. 

(6) Install the ring gear (17), on the dif- 
ferential housing (15), and secure with twelve 
cap screws (18), and lock nuts (16). Torque the 
capscrews to 100-110 pound-feet. 

(7) Install the thrust washers (23) and side 
gears (22) into the two halves of the differential 
housing (15 and 24). 

(8) Lubricate the spider (21). Install the four 
pinion gears (20) and thrust washer (19) on the 
spider. 

19) Install the spider assembly in the ring gear 
side of the differential housing (24) in place and 
secure with eight capscrews (25) and four cap- 
screws (30). Torque the capscrews to 70 80 
pound-feet and secure with safety wire. 

(10) Install the bearing cones (14 and 26) and 
cups (13 and 27) on. the differential housing. 

(11) Position the differential assembly on the 
carrier housing (36), and install the bearing caps 
(33 and 34), bolts (35), and lockouts (12 and 28). 
Tighten bearing cap bolts and adjust locknuts to 
provide 0.010 to 0.013 inch backlash between ring 
gear and pinion. 

NOTE 

Replace a used ring gear and pinion jnear when 
backlash exceeds 0.030 0.035 inch. 

(12) Remove pinion gear assembly to provide 

clearance for checking preload of differential 
housing bearings. Measure preload as described in 
paragraph (3) above. Tighten locknuts (12 and 
28), equally to provide a preload of 25 50 pound- 
inches. Reinstall pinion gear assembly, paragraph 
(5) above. 

(13) Again check backlash between ring gear 
and pinion. If adjustment is necessary, any 



tightening of one locknut must be matched by 
loosening of the opposite locknut. 

(14) Torque bearing cap bolts (35) to 240 
250 pound-feet safety wire. Position lock (29) on 
bearing cap (34) and secure with capscrew (11). 
With chalk or scribe mark position of locknut (12) 
in relation to bearing cap (33). 

(151 Install oil scoop (42) and plug (43) in 
carrier housing. Place a 0.010 inch shim between 
oil scoop and ring gear, secure oil scoop with 
setscrew (321 and nut (31). Remove the shim. 

( 16) Install the tractionlock inner spacer (58) 
in the differential housing (15). 

(17) Install seventeen friction discs (59), and 
sixteen opposing discs (60), alternately. Install 
outer spacer (61) and thrust bearing (62). 

( 18) Install new packing (3 and 5) and back- 
up rings (4 and 6), in grooves of cylinder nut (2), 
after making sure that there are no burs or sharp 
edges in the packing grooves. Lubricate the packing 
with clean hydraulic brake fluid and install the 
piston (8). 

NOTE 

The piston (tt). has a small dowel or pin 171. which 
must aline with the pin hole provided in the 
cylinder nut 121. 

(19) Install the cylinder assembly (1) in the 
locknut (12). 

NOTE 

Tighten cylinder nut until discs are compressed 
firm. Back -off cylinder nut one ( 1 1 full turn, plus 
amount necessary to align the lock 1101 and 
secure. 

(20) Secure cylinder nut (2) and locknut (12) 
with lock (10) and capscrews (9 and 11). 

(21 ) Install two elbows (63) into cylinder nut 
(12) and two adapters (65) into carrier housing 
<36). Install two hydraulic lines (64). 

(22) Install bleeder fitting (41) and fill plug 
(44) in carrier housing. 

(23) Test the traction lock system for leaks by 
connecting a line from the axle traction lock 
assembly to the power cluster in the carrier. 
Maximum pressure should not exceed 1200 psi, 
and minimum pressure should be 650 psi 100-0. 
The pressure should remain constant for 15 
minutes. 

e. Installation. 

(1) Apply gasket compound to rim of carrier 
housing (36) and install the differential carrier 
assembly in the axle housing, and secure with 
twenty capscrews (38) and lockwashers (3<). 
Torque capscrews to 8090 pound-feet. 

(2) Install the axle assembly in reverse order 
of removal. 
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KF.V to figure 5-17 
1 Cylinder assembly 

2. Cylinder nut 

3. Preformed packing 
I. Back-up ring 

x Preformed packing 
'>. Back-up ring 
7. Pin 
K. Piston 
11 . Capscrew 
)<>. Lock 
I 1 . Capscrew (2) 

I/ocknut 

Brg. cup 

Brg. cone 

Diff. flanged housing 

Stop nut (12) 

Ring gear 

Capsrrew (12) 

Thrust washer (4) 

Pinion gear (4) 

Spider 

Side gear (2) 

Thrust washer (2) 

Diff. housing 

Capscrew (?j) 

Brg. cone 

Brjr C up 

Locknut 

Lock 

Capscrew (}{| 

Nut 

Sctscrew 

Brg. cap 

Brg. cap 



35. Capscrew 14) 

36. Carrier housing 

37. Lockwasher (20) 

38. Capscrew (20) 

39. Pilot bearing 

40. Pinion gearshaft 

41. Relief fitting 

42. Oil scoop 

43. Pipe plug 

44. Pipe plug 

45. Brg. cone (2) 

46. Brg. cup (2) 

47. Shim (4) 

48. Shim (4) 

49. Brg. retainer 

50. Spacer 

51. Seal retainer 

52. Lockwasher (6) 

53. Capscrew (6) 

54. Locknut 

55. Washer 

56. Yoke 

57. Seal 

58. Spacer 

50. Friction disc (17) 

60. Opposing disc (16) 

61. Spacer 

62. Thrust bearing 

63. Elbow (21 

64. Hydraulic linos (2) 

65. Adapter (21 

NOTE 

Items 17 and 40 serviced as matched set. Item 
i.'J, 34, 35, and 36 serviced as matched set. 



Section VS. BRAKE CONTROLS 



20. General 

^veral braking controls are installed on the crane 
> follows: 

a. The foot brake (service) control. 

f>. The parking (emergency) brake control and 
serve air brake control. 

c. Two trailer braking controls, one control valve 
ounted on the steering wheel column, and other 
'ntrol (trailer parking) mounted on the in- 
rument panel. 

d. The traction lockout control valve, also 
ounted on the instrument panel. 

21. Foot Treadle Valve (Service Brake) 



a. Removal. 

11) Tag and disconnect all supply and 
"very lines from treadle valve. 

12) Remove three capscrews (36, fig. 5-181 
d lockwashers (37) that secure the valve 
lembly to the treadle assembly. 



CAUTION 

Do not IeS valve assembly drop to floor 

when removing capscrew? (36). 

(3) Remove three capscrews (35). lock- 
washers (38), and nuts (39). Lift treadle assembly 
from floor of cab. 
b. Disassembly. 

(1) Remove roll pin (33), collar (32), and pin. 
(5) that anchor the treadle (31 to mounting plate 
129). 

( 2 ) Remove cotter pin (2 I, and remove pin III, 
and roller (4), from treadle (3). 

(3) Lift plunger (34) and boot 13 1 1 from 
mounting plate and separate. 

(4) Use a suitable punch or blunt screwdriver 
and remove the rubber stop (30) from mounting 
plate 129). 

(5) Straighten tang of retainer 1 28 1 and 
remove retainer and piston assembly from valve 
body 17). Remove spring (21) from valve hnd\ . 
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(6) Remove capscrew (27) that secures washer 
(26), spring seat (25), and rubber spring (24). to 
piston assembly (22). Remove preformed packing 
(23) from piston assembly. 

(7) Remove retaining ring (20) and lift 
exhaust check valve seat assembly from valve body. 

(8) Remove machine screw (19) that secures 
the washer (18), diaphragm (17), and spring (16), 
to exhaust check valve seat (15). Remove 
preformed packing (14) from seat. 

(91 Lift spring (13). from valve body (7), and 
remove washer (12) and inlet and exhaust valve 
assembly (10). Remove preformed packing (11) 
from valve assembly (10). 

(10) Remove plugs (6, 8, and 9) as necessary 
to facilitate cleaning and inspection of body. 

c. Cleaning, Inspection, and Repair. 

(1) Clean all metal parts with an approved 
cleaning solvent and dry with compressed air. 
Clean the boot (31), spring (24), and diaphragm 
(17) with a damp cloth and dry thoroughly. 

(2) Inspect all parts for wear, cracks, 
cratches, or damage. 

(3) Check pliability of rubber components, 
..he boot, rubber spring, and diaphragm. 

(4) Replace any part that is damaged in any 
way or shows signs of excessive wear. 

d. Assembly. 

(1) Assembly of the foot treadle valve 
ssembly can be performed by reversing the in- 

r uctions for disassembly in paragraph b above, 
ith the following special instructions. 

(2) Replace all preformed packings with new 
ckings. 

(3) A drop of lubricant on the mating surfaces 
jf the stop (30) and mounting plate (29), will ease 
the insertion of the stop. 

(4) Be sure that the springs (13 and 21) are 
seated properly, and operate freely. 

(5( Lightly lubricate the pins (1 and 5), the 
plunger (34), and the mounting plate (29), before 
reassembly. 

(6) If the tangs of retainer (28), do not readily 
grasp the body (7), replace the retainer. 

e. Installation. 

(1) Install the foot treadle valve assembly in 
reverse of instructions in paragraph a above. 

(2) Torque mounting bolts in accordance with 
standard bolt and nut torque data (refer to TM 5- 
3810-290-12). 



KEY to figure 5-18. 

1. Pin 

2. Cotter pin 

3. Treadle 

4. Roller 

5. Pir. 

6. Pipe plug 

7. Body 

8. Pipe plug 

9. Pipe plug 

10. ^alve assembly 

11. Preformed packing 

12. Washer 

13. Spring 

14. Preformed packing 

15. Seat 

16. Spring 

17. Diaphragm 

18. Washer 

19. Screw 

20. Retaining ring 

21. Spring 

22. Piston assembly 

23. Preformed packing 

24. Rubber spring 

25. Seat 

26. Washer 

27. Capscrew 

28. Retainer 

29. Mounting plate 

30. Stop 

31. Boot 

32. Collar 

33. Roll pin 

34. Plunger 

35. Capscrew 

36. Capscrew 

37. Lockwasher 

38. Lockwasher 

39. Nut 
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Figure 5-18. Foot treadle valve (service brake) assembly, exploded view. 
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5-22. Emergency Brake (Parking) and Reserve 
Air Valve Assemblies 

a. Removal. 

(1} Disconnect the air lines to the emergency 
brake and reserve air valves and remove any tube 
elbows or adapters from the valves. 

(2) Remove the roll pin (21, fig. 5-19) that 
secures the knob (22 I, to the operating shaft (18). 

13) Remove nut (20), and dial (19), and 
remove valve from mounting bracket in cab. 

b. Disassembly. 

(1 ) Remove nut (29). 

(2) Remove two machine screws (26) and 
lock washers (25), and separate the two body 
halves. Discard the preformed packing (14). 

(3) Push the spool (27) from the lower body 
24) and remove preformed packings (17 and 28). 

(4) Remove the valve (23) from the shaft ( 18). 
ft the shaft from the upper body ( 15 ) and remove 

ihe preformed packing (17). 

(51 Remove the spring (16) from the body 
(15). 

c. Cleaning, Inspection, and Repair. 

II) Clean all parts in an approved cleaning 
solvent. Dry thoroughly with compressed air. 

(2) Inspect the shaft (18), spool (27), and 
internal surfaces of the valve bodies (15 and 24), 
for scoring. Use a fine lapping stone or fine crocus 
paper to remove scoring. 

(3) Replace parts that show signs of damage or 
excessive wear or scoring. 

d. Assembly. 

(1) Replace all preformed packings. 
(21 Replace the valve (23). 

(3) Assemble the valve assembly in reverse 
order of disassembly described in paragraph b 
above. 

(4) Torque the nut (29) to 3040 pound- 
inches in final assembly. 

e. Installation. Install the emergency brake valve 
assembly in reverse of instructions in paragraph a 
above. 



I 



KEY to figure 5-19. 

1 . Screw 

2. Lockwaaher 

3. Cap 

4. Preformed packing 

5. Preformed packing 

6. Preformed packing 

7. Shaft 

8. Body 

'). Preformed packing 

10. Preformed packing 

11. Nut (2) 

12. Roll pin 

13. Knob 

14. Preformed packing 

15. Body 

16. Spring 

17. Preformed packing 

18. Shaft 

19. Dial 

20. Nut 

21. Roll pin 

22. Knob 

23. Valve 

24. Lower body 

25. Lockwasher 

26. Screw 

27. Spool 

28. Preformed packing 

29. Nut 

30. Spring retainer 

31. Preformed packing 

32. Spring 

33. Valve 

34. Body 

35. Pin 

36. Pine plug 

37. Spring 

38. Preformed packing 

39. Plunger 

40. Lever 

41. Screw 

42. Dial 
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TRAILER BRAKE 
VALVE 



EMERGENCY 
BRAKE VALVE 




TRACTION 

LOCKOUT 

AND 

REAR STEER 

LOCK VALVE 
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5-23, Trailer Braking Control Valve 

a. Removal. Disconnect two air lines from valve 

*?ody, and remove two capscrews (37, fig. 5-20), 
wind Sockwashers (38), to remove valve assembly 
from steering column. 

b. IJisassembly. 

(1) Remove two machine screws (36), and 
Sockwashers (39), that secure the left hand bracket 
(35 L Remove right hand bracket in similar 
manner. 

(2) Remove hand lever (15), by removing 
acorn ut (17), and lock washer (16). 

NOTE 

Position of hand lover (15 1. in relation to shaft 
(14!. must be marked for proper assembly. 

(3) Remove four acorn nuts (17), and lock- 
washers (16), and separate valve into four sub- 
assemblies. Remove studs (18), from inlet cover 
(34), 

(45 Remove and discard preformed packings 
(30), from valve cage assembly. Depress spring 
29), and remove nut (33), discarding valve disc 
32), discharge valve (28), and spring (29). 

(5) Remove bearing (1.1), and spacer (10), 
from piston assembly. 

(6) Remove piston assembly from body (27), 
discarding the spring (1), preformed packing (3), 
and vee block packing (2) from piston. 

( 7 ) Depress the piston cup (8), and remove the 
-staining ring (9). Carefully release and remove the 

>islon cup (8), spring (6), shims (7 and 5), from 
listen (4). 

(8) Remove retaining ring (26), to remove 
.ilter (24), and filter screens (23 and 25), from 
body (27). 



(9) Remove setscrew (22), and plunger (20), 
discarding spring (21). 

(101 Remove nut (19), and press shaft (14), 
up and out of cam (12), and cover (13). 

NOTE 

Position of cam 1 1 2 1 in relation to shaft (141 must 
be noted and marked for proper reassembly. 

c. Cleaning. Inspection, and Repair. 

(J) Clean all parts in an approved cleaning 

solvent and dry with compressed air. 

(2) Inspect all parts for cracks, excessive wear 
or dan) age. Replace cracked, or damaged parts. If 
piston (4), or body (27) show signs of excessive 
wear, replace entire valve. 

d. Assembly. 

I 1 ) Assembly of the trailer braking control 
valve is essentially the reverse of paragraph b 
above, with the following special instructions. 

(2) Be sure, when assembling shaft (14), to 
cam (12), that they are alined as marked upon 
disassembly. 

(3) All parts discarded during disassembly are 
to be replaced with new parts available in repair 
parts kit, number RN-10-AS. 

(4) Torque the four nuts (17), that secure the 
cover (13), body assembly (27), valve cage 
assembly (31 ), and inlet cover (34), in accordance 
with standard bolt and nut torque data (refer to 
TM 5-3810-290-12). 

e. Installation. 

( 1 ) Position the valve assembly on the steering 
column and secure with two capscrews (37), and 
lockwashers (38). 

(2) Connect the air inlet and supply lines to 
the valve parts. 



i 
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1. Spring 

2. Block vee 

3. Preformed packing 

4. Piston 

5. Shim 

6. Spring 

7. Shim 

8. Piston cup 

9. Retainer ring 

10. Spacer 

11. Plunger bearing 

12. Cam 

13. Cover 

14. Shaft 

15. Hand lever 

16. Lockwasher 

17. Nut 

18. Stud 

19. Nut 

20. Plunger 



21. Spring 

22. Setscrew 

23. Screen filter 

24. Filter 

25. Screen filter 

26. Retainer ring 

27. Body 

28. Discharge valve 

29. Spring 

30. Preformed packing 

31. Valve cage 

32. Valve disc 

33. Nut 

34. In't-t cover 

35. Bracket 

36. Screw 

37. Capscrew 

38. Lockwasher 

39. Lockwasher 



Figure 5-20. Trailer braking control valve, exploded view. 
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5-24. Trailer Brake ^Parking) Valve Assembly 
. Removal. 

( \ } Provide access to the rear of the instrument 
panel, by removing the cab assembly. 

12) Disconnect the two air lines from the valve 
assembly and remove the tube elbows from the 
valve parts. 

(3) Remove roll pin (12, fig. 5-19) that secures 
the knob (13) to the operating shaft (7). 

(4) Remove one nut (11) and pull the valve 
assembly from the rear of the instrument panel. 

6. Disassembly. 

(\) Remove the second nut (11), from the 
valve body (8). 

(2) Remove the two machine screws (1), and 
lockwashers (2), that secure the cap (3), to the 
valve body. Remove and discard preformed 
packing (4). 

(3) Push the operating shaft (7), out the 
bottom of the valve body (8), and remove packings 
'5 and 6). 

(41 Remove packings (9 and 10), from body. 

c. Cleaning, Inspection, and Repair. 

( ] ) Clean all parts with an approved cleaning 
solvent, and dry with compressed air. 

(2) Check al! parts for wear or damage. 

(3) Replace worn or damaged parts. 

d. Assembly. Assemble the valve assembly in 
Averse of disassembly as instructed in b above, 
iserting all new packing. 

e. Installation. Install the valve assembly in 
verse of instructions in paragraph a above. 

,>-25. Traction Lockout and or Rear Steer 

Lock Valve Assembly 
a. Removal. 

( 1 ) Disconnect the two air lines from the valve 
assembly. 



(2| Remove two machine screws (41, fig. 5- 
1.9), and dial (42), from the valve assembly. 

(3) Remove valve assembly from the rear of 
the instrument panel. 
6. Disassembly. 

( 1 ) Remove spring retainer (30), and discard 
preformed packing (31). 

(2) Remove spring (32), and valve (33 ), from 
valve body (34). 

(3) Press pin (35), from body (34), and cam 
lever (40). 

(4) Remove lever (40), plunger (39), and 
spring (37), from body. 

(51 Discard preformed packing (38). 
((>) Remove pipe ping (36). 

c. Cleaning, Inspection, and Repair. 

( 1 ) Clean all parts with an approved cleaning 
solvent. Dry thoroughly with compressed air. 

(2) Check mating surfaces of plunger (39) 
and valve (33) for scoring. Minor scoring can be 
removed by lapping with a fine stone or crocus 
paper. 

(3) Check cam surfaces of lever (40) and head 
of plunger for excessive wear. 

(4) Replace any damaged or badly worn 
parts. 

d. Assembly. 

(! ) Replace preformed packings (31 and 38). 

(2) Lightly lubricate the valve 133), plunger 
(39), and cam of lever (40) before assembly. 

(3) Assemble valve in reverse of instructions 
in paragraph b above. 

(4) Check to be sure springs are properly 
seated and functioning correctly. 

e. Installation. Install valve assembly by 
reversing the instructions of paragraph a above. 



Section VII. BRAKE CHAMBERS 



5-26. Genera! 

The rear and front air brake chambers operate in 
the air system in a similar manner, and perform the 
dual function of service braking and braking for 
parking. Both front and rear chambers are a dual- 
diaphragm unit. The same maintenance in- 
structions are generally applicable. 

5-27. Front Air Brake Chamber 
a. Removal. 

il) Refer to TM 5-3810-290-12 for removal 
instructions of the front air brake chamber. 



(2) Remove four capscrews and lockwashers 
to remove mounting bracket from axle socket. 
b. Disassembly. 

NOTE 

Before removal of yoke (9, fig. 5-21). from rod 
I 1 1 I. note the measurement from base of air 
chamber to yoke. Upon assembly lock the yoke in 
this same relative position. 

(1) Loosen jam nut (10), and remove yoke 
(9), from rod (11). 

(2) Loosen carriage bolts (1), and remove 
damps (2). 
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(3) Remove the nonpressure plate (4), and 
diaphragm (5). 

(4) Loosen carriage bolts (1) and remove 
clamps (7). Remove intermediate body (6), 
diaphragm separator (21), and diaphragm (8). 

(5) Lift out push rod (20), and separate from 
rod (11). 

(6) Lift spring (19) from air chamber body 
(IB). 

c. Cleaning, Inspection, and Repair. 

(I) Clean all parts with an approved cleaning 
solvent and dry with compressed air. 



(2) Inspect parts for dents, cracks, burs, and 
sharp edges that might damage diaphragms. 

(3) Check threads of rod (11), and yoke (9), 
for damage. 

(4) Remove any burs and break sharp edges 
found. Replace a part that is dented, cracked, or 
otherwise damaged. 

d. Assembly. Assemble the front air brake 
chamber in reverse of disassembly. Install new 
diaphragms (5 and 8). 

e. Installation. Refer to TM 5-3810-290-12 and 
install the front air brake chamber. 
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1. Carriage bolt 14) 

2. Clamp 

3. Nut (4) 

4. Nonpressure plate 

5. Diaphragm 

6. Intermediate body 

7. Clamp 

8. Diaphragm 

9. Yoke 

10. Nut 

11. Rod 



12. Capscrew (4) 

13. Lockwasher (4) 

14. Bracket 

15. Nut (2) 

16. Lockwasher (2) 

17. Washer 

18. Body 

19. Spring 

20. Push rod 

21. Diaphragm 



Figure 5-21. Front air brake chamber and mounting details, exploded view. 



i-28. Rear ABIT Brake Chamber 
a, Removal. 

(1) Refer to TM 5-3810-290-12 for removal 
nstructions of the rear air brake chamber. 

(2) Remove the air chamber mounting 
Bracket in the same manner as instructed for the 
Jront air chamber mounting bracket. 

b. 



133 



111. 



17). 



NOTE 

Before remove! of yoke (33. fig. 5-221. from rod 
131!. note line measurement from base of air 
chamber to yoke. Upon assembly lock the yoke in 
this same relative position. 

(1) Loosen jam nut 132), and remove yoke 
, from rod (31). 

(2) Remove boot (29!. 

13) Loosen capscrews (2), and remove clamp 

(4) Loosen capscrews (21, and remove clamp 
Remove service pressure plate (6) and 



liaphragm (8). 



CAUTION 
|7|, 
ns under 



carefully. 
lgli spring 



Remove 

Diaphragm 

tension* 

(5) Lift out assembled shaft (9) and push rod 
!31). Separate shaft and rod only if replacement is 
'equired. 
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(6) Lift spring (10) from non-pressure plate 

NOTE 

Further disassembly of the non-pressure plate 
components (11 through 261, is not practical. 

c. Cle&ning, Inspection and Repair. 

(1) Clean all metal parts with an approved 
cleaning solvent and dry thoroughly. Clean boot 
and diaphragms with damp cloth. 

(2) Inspect parts for dents, cracks, burs, and 
sharp edges that might damage diaphragms. 

(3) Check threads of rod (31) and yoke 133) 



(4) Remove any burs and break sharp edge; 
found. Replace a part that is dented, cracked. 01 
otherwise damaged. 

d. Assembly. 

(1) Assemble the rear air brake chamber in 
reverse of instructions for disassembly. 

(2) When installing diaphragms (5 and 8) 
make certain the lip of each is well seated on rims oi 
non-pressure plate (12), service pressure plate 16! 
and auxiliary pressure plate (4). 

(3) Tighten clamps (1 and 7) firmly. 

e. Installation.Reler to TM 5-3810-290-12 and 
install the rear air brake chamber. 
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Figure 5-22. Rear air brake chamber, exploded view. 
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V to figure 5-22. 

Clamp 

Capscrew (4) 

Nut (41 

Auxiliary pressure plate 

Diaphragm 

Service pressure plate 

('.lamp 

Diaphragm 

Shift 

Spring 

Bearing 

Non-pressure plate 

Washer 

Preformed packing 
I"). Piston 
UK Collar 



17. Ball (81 

18. Spring 

19. Washer 

20. Spring 

21. Preformed packing 

22. Cap 

23. Screw (4) 

24. Preformed packing 

25. Preformed packing 

26. Splash guard 

27. Lockwasher (21 

28. Nut (2) 

29. Boot 

30. Retaining ring 

31. Push rod 

32. Nut 

33. Yoke 



!. STEERING SYSTEM COMPONENTS 



3 -2V. Genera! 

H. The front wheel steering is provided by a 
mechanical cam-and-lever unij controlled by the 
steering wheel and connected to a power steering 
control valve and drag link assembly. The control 
valve regulates the hydraulic fluid to the hydraulic 
steering cylinders which provide the larger portion 
of turning torque required for steering. 

b. The rear wheel steering is fully hydraulic. 
Control of the steering is effected by an instrument 
panel-mounted rear steer control valve, while the 
steering power is supplied by a hydraulic steering 
cylinder. A mechanical, air-operated locking device 
locks the rear axle in its normal position when rear 
steering is not required. 

5-30. Front Steering Control Valve 

a. Removal. Refer to TM 5-3810-290-12 and 
remove the front steering control valve. 

b. Disassembly. 

(1) Remove lube fittings (12, fig. 5-23) from 
valve housing (11) and drag link (18). 

(2) If not completely removed upon removal 
of the unit, remove the socket plug (4), plug washer 
(5). spring (6), and both ball seats (7) from the 
valve socket assembly. 

(3) Remove end plug (33), spacer (32), spring 
(31), ball seats (30), and seat (29) from the drag 
link. 

(4) Loosen capscrew (19) and clarnp (20) to 
permit separation of the drag link (18), and the 
valve assembly. 

(5) Remove adapter (21), and lockring (22). 
from valve housing (11). 

(6) Remove two locknuts (8) from spool ends. 

(7) Remove socket bearing (9) from socket 
HO), from valve body. 



(8) Pull spool assembly from valve housing 
removing the washer (23), reaction ring (25) 
spring (26), and spacer (27) from the spool (13). 

(9) Lift the gland (15) and valve body (17) 
from valve housings (11), and discard preformed 
packing (16). 

c. Cleaning, Inspection, and Repair. 

{}} Clean all parts with an approved cleaning 
solvent and dry thoroughly with compressed air 

(2) Inspect all parts for wear, cracks, scorin 
or other signs of damage. 

(3) Replace any part that shows signs of we 
or other damage. 

NOTE 

The spool (13) and valve body (17) must be 
replaced as a matched set. 

d. Assembly. 

(1) Assembly is essentially the reverse of 
paragraph b above, with the following special 
instructions. 

(2) Replace all packings and install a new 
lockring (22). 

(3) Lightly lubricate all parts with hydraulic 
fluid before assembly, to ease assembly and provide 
better seals at packings. 

(4) Torque the locknuts (8), to 2025 
pound-feet. 

e. Installation. Install the front steering control 
valve and drag link (refer to TM 5-3810-290-12). 

5-31. Front Hydraulic Steering Cylinder 

a. Removal. Remove the front hydraulic 

steering cylinder (refer to TM 5-3810-290-12). 
6. Disassembly. 
(1) Loosen capscrew (28, fig. 5-24 and 

remove ball stud and socket assembly (29) from 

operating rod (16). 
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(2) Remove cotter pin (2), that locks end plug 
( 1 ), in place. 

(3) Remove end plug (1 ), spring (3), ball stud 
<7), and ball seats (4), from cylinder body (6). 

(4) Remove capscrews (27), lockwashers 

(26), and end cap (25). 

(5) Push head (22), into body (6) sufficiently 

to remove ring (23). Pull piston-rod-head 
assemblies from body (6). 

(6) Slide head (22) from rod (16), and remove 
retaining ring (19), washer (201. seal (21). wiper 
and retaining ring utfl- 

(7) Remove lockout (10), piston followers 
U2I, packings (14), U-cups (13), and piston (15), 
from rod (16). 

NOTE 

DO NOT remove retainer rinses (111. unless rings 
require replacement. 



c. Cleaning, Inspection and Repair. 

(It C2?an all parts in an approved cleaning 
solvent and dry thoroughly with compressed air. 

(2) Inspect ball stud (7) and ball seats (4) for 
scoring or pitting. Replace parts that are pitted or 
badly scored. 

(3) Inspect bore of head (22) and rod ( 16) for 
scoring, scratches, out-of-roundness, and other 
damage. Replace a badly worn or damaged rod and 
head. Light scoring can be removed with fine 
crocus paper. 

(4) Inspect piston (15) for scoring, pitting-, 
and other damage. Remove any burs and break 
sharp edges found. Replacement of the piston is 
necessary only if scoring or pitting is excessive. 
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1. Cotter pin 

2. End plug 

3. Plug lock 

4. Ball socket plug 

5. Plug washer 

6. Spring 

7. Ball seat 

8. Lockout 

9. Ball socket bearing 

10. Ball socket 

11. Valve housing 

12. Lube fitting 

13. Spool 

14. Preformed packing 

15. Gland 

16. Preformed packing 

17. Valve body 

18. Drag link 



19. Capsurew 

20. Clamp 

21. Adapter 

22. Lockring 

23. Washer 

24. Preformed packing 

25. Reaction ring 

26. Spring 

27. Spacer 

28. Preformed packing 

29. Seat 

30. Ball seat 

31. Spring 

32. Spacer 

33. End plug 

34. Nut 

35. Lockwasher 



Figure 5-23. Front steering control valve and drag link assembly, exploded view. 
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End plug 
Cotter pin 
Spring 
Seat (2\ 

Lubrication fitting 
Body 

7. Ball stud 

8. Nut 

9. Cotter pin 

10. Nut 

1 1. Retainer ring 

12. Piston "follower <2I 

13. U-cup <2) 

14. Packing 12 

15. Piston 

16. Rod 



17. 

18. 

1<>. 

20. 

21 

22. 

23 

24 

25 

2<>. 

27. 

28. 

2<>. 

30. 

31 

32. 
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Packing 

Retainer ring 

Retainer ring 

W asher 

Seal 

Head 

Ring 

Wiper 

End cap 

Lockwasher 

Capscrew 

Capscrew 

Ball stud and socket assembly 

Nut 

Cotter pin 

Nut 



Figure 5-24. Front hydraulic steering cylinder, exploded view. 



(5) Inspect the bore of the cylinder body (6). 
Replace the body if it is found to be out-of-round, 
scored, or damaged in any way. 
d. Assembly. 



II) Assemble the hydraulic steering cylinder 
in reverse order of disassembly. 

(21 Use new rings (18 and 19), packings (14) 
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'.hen assembling cylinder. 

(3) When installing the end plug (1) tighten 
the plug down solidly, then back of! 1/4 Vfc turn to 
aline slot in plug -with holes in body for cotter pin 
(2). 

e. Installation. Install the hydraulic steering 
cylinder (refer to TM 5-3810-290-12). 

5-32. Rear Hydraulic Steering Cylinder 

a. Removal. Remove the rear hydraulic steering 

cylinder (refer to TM 5-3810-290-12). 
/;. Disassembly. 
(}} Loosen capscrew (25, fig. 5-25), and 

remove ball stud and socket assembly from 

operating rod (16). 

(2) Remove cotter pin (21 that locks end plug 
(II, in place. 

(3) Remove end plug (1 ), spring (3), ball stud 
(71, and ball seats (4), from cylinder body (6). 

(4) Remove capscrews (24), lockwashers (23) 
and end cap (22 ). 

(5) Push head (19) into body (6) sufficiently 
to remove the three-section ring (20). Pull piston- 
rod-head assemblies from body (6). 

(6) Slide head (19), from rod (16), and 
remove packing (17), retaining ring (18), and seal 
(21). 

(7) Remove locknut UUI, piston followers 
(12), packings (14), U-cups (13), and piston (15) 
from rod ( 16). 

NOTE 

DO NOT remove retainer rings 111) unless rings 
require replacement. 



U) L.lean all parts in an approved cleaning 
solvent and dry thoroughly with compressed air. 

(2) Inspect ball stud (7), and ball seats 141, 
for scoring or pitting. Replace parts that are pitted 
or badly scored. 

(3) Inspect bore of head (19) and rod 116) for 
scoring, scratches, out-of-roundness, and other 
damage. Replace a badly worn or damaged rod and 
head. Light scoring can be removed with fine 
crocus paper. 

(4) Inspect piston (15), for scoring, pittin 
and other damage. Remove any burs and bre; 
sharp edges found. Replacement of the piston 
necessary only if scoring or pitting is excessive. 

(5) Inspect the bore o! the cylinder body 1 6 
Replace the body if it is found to be out-of-rounc 
scored, or damaged in any way. 

d. Assembly. 

(1) Assemble the hydraulic steering cylinde 
in reverse order of disassembly. 

(2) Use new ring (18), packings (14 and IT) 
U-cups (13), and seal (21), when assembling 
cylinder. 

(3) When installing the end plug (1). tighten 
the plug down solidly, then back off V\ \''i turn to 
aline slot in plug with holes in body for cotter pin 
(2). 

(4) Check alinement of threaded port in he 
(19) to hole provided in body (6). 

e. Installation. Install the hydraulic steer 
cylinder (refer to TM 5-2810-290-12). 



5-55 



TM 5-3810-290-34 




1. End plug 

2. Cotter pin 

3. Spring 

4. Seat 12) 

5. Lubrication fitting 

6. Body 

7. Ball stud 

8. Nut 

9. Cotter pin 

10. Nut 

1 1. Retainer ring 

12. Piston 'follower (2) 

13. U-cup (2) 

14. Packing (2) 

15. Piston 
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16. Rod 

1 7. Packing 

18. Retainer ring 

19. Head 

20. Ring 

21. Wiper 

22. End cap 

23. Lockwasher 

24. Capscrew 

25. Capscrew 

Ball stud and socket assembly 

Nut 

Cotter pin 

Nut 
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29. 



Figure 5-25. Rear hydraulic steering cylinder, exploded view. 



5-33. Rear Steer Control Valve 

a. Removal. Remove the rear steer control valve 
from the instrument panel (refer to TM 5-3810- 
290-12). 

b. Disassembly. 

(1) Remove cotter pin (18, fig. 5-26), pin 
(19), and handle (17). 

(2) Remove screws (16), bracket (20), and 
cap (23). 



(3) Pull assembled spool (2), C-washers (21), 
spring (21), and packings (l),from the valve body 
(12). Disassemble components and discard 
packings. 

(4) Remove cap (11), nut (10), gaskets (9), 
setscrew (8), spacer (7), and relief valve cartridge 
assembly from body (12). Remove and discard 
packings (13 and 14). 



items 13. 4, 5, (>. and 151. The plug 16) and sleeve 
1 1.1} are staked together after assembly making 

the relief valve a nonrepfflirable item. 

c. Cleaning, Inspection and Repair. 

(1) Clean all parts Sn an approved cleaning 
solvent and dry thoroughly with compressed air. 

(2} Inspect spool (2) for scoring or sharp 
edges on packing grooves. 

13) Inspect bor of body (12) for scoring or 
thread damage at ports. 

(4) Break sharp edges on spool with line 
crocus cloth. Replace spool and body if either is 
scored or damaged in any way. 

NOTE 

Spool 12) and body 112) are matched items, and 
must be replaced as a avt. 

(5) Inspect all other parts for wear, cracks, or 
other damage. Replace any part that is worn, 
cracked or otherwise damaged. 

d. Assembly. 



following special instructions. 

(21 Lubricate all parts with clean hydraulic 
fluid. 

(3) Install spool (2) by first positioning one 
preformed packing in the packing groove nearest 
the neutral spring (22) end of the spool. Insert 
spool in to the rear of body (121. pushing it through 
just enough to expose the packing groove at th-? 
handle end of the spool. Install second packing 1 1 ' 
in groove and push spool back into body to inns 
spring (22) and C-washers (21). 
CAUTION 

Al no lime should packings (1), cross 

sharp edges of cored pockets in body 



(4) Complete assembly of valve and set relie 
valve at 1800 p.s.i. 

e. Installation. Refer to TM 5-3810-290-12 anc 
install the rear steer control valve. 
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KEY to figure 5-26. 

1. Packing preformed 

2. Spool 

3. Ball 

4. Spring 

5. Spacer 

6. Pipe plug 
1. Spacer 

8. Setscrew 



(2) 



9. Gasket (2) 

10. Nut 

11. Cap 

12. Body 

13. Packing, preformed 

14. Retainer, packing 

15. Sleeve 

16. Screw (6) 



Figure 5-26. Rear steer control valve, exploded view. 



17. Handle 

18. Cotter pin 

19. Pin 

20. Bracket 

21. Washer 12) 

22. Spring 

23. Cap 
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5-34. Hear Steer Lock Air Chamber 

a. R em ovval. Refer to TM 5-3810-290-12 for 
instructions on removal of the rear steer lock air 

chamber. 

6. Dis&ssembly. 

U) Loosen capscrew (4 fig. 5-27), and remove 
clamp (3). 

(2) Remove cover (1), and diaphragm (5). 

13) Lift push rod (6), and spring (7), from 
non-pressure plate (10). 

c. Cleaning, Inspection, and Repair. 

(1} Clean all parts with an approved cleaning 
solvent and dry with compressed air. 



(2) Inspect all parts for dents, cracks, burs, 
and any other damage. 

(3) Check threads of push rod (6). 

(4) Remove any burs and break all sharp 
edges found. 

(5) Replace any part that is dented, cracked, 
or badly damaged in any way. 

d. Assembly. Assemble the rear steer lock air 
chamber in reverse order of disassembly, installing 
a new diaphragm (5). 

e. Installation. Refer to TM 5-3810-290-12 and 
install the rear steer lock air chamber. 
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1. Cover 

2. Pipe plug 

3. Clamp 

4. Capscrew 

5. Diaphragm 
0. Push rod 

7. Spring 

8. Nut (2> 

( ). Lock washer (2) 

10. Nonpressure plate 

11. Nut 



Figure 5-27. Rear steer lock airchamber t exploded view. 



;>-.>;>. steering tu-ear JTJOX 
a. Removal. 

(1) Loosen the clamping bolt on the bottom 
yoke of universal shaft assembly. 



(2) Remove cotter pin and reinou- r( >mr-> 
valve from hall stud of steering arm (fij;. ;,.;> I. ' 

(3) Remove three nuts I fig. "i-28l that serur, 
the steering gear box to its support bracket. 






Figure 5-28. Steering gear box. removal and installation. 



b. Disassembly. 

NOTE 

Before disassembly, match mark steering arm and 
shaft so they may bo assembled in the same 
relationship. 

(1) Remove nut (16, fig. 5-29), lockwasher 
(IT), capscrew (18), and steering arm (15). 

(2) Remove plugs (12 and 20) and drain 
lubricant. 

(3) Remove locknut (1), and setscrew (2). 

(4) Remove four capscrews (19), and remove 
cover (3), and gasket (4). 

(51 Remove assembled shaft (22) and bearing 
assemblies (23). Press bearing assemblies from 
shaft only if replacement is necessary. 

(()) Remove four capscrews (9), cover 
assembly (10), and shims (II). 



171 Lift out cam (8), and remove sea!< IM. 
and bearings (7). 

(8) Press seal (14) from housing 1 5 I. Reruns 
bushing (131 only if replacement is required, 
c. Cleaning. Inspection and Repair. 

I I | Clean all parts with an approved clean in- 
solvent and dry thoroughly. 

(2) Inspect shaft (22) for scoring or smns ... 
wear. Remove minor scoring with fine crocus rUh. 
Insert shaft in housing and check for ^c^i^}^ 
between shaft and bn.hing I 13L H.^- 1 l> "- ;hin - !t 

required. ., , 

131 Inspect bearing assiMiiblie* '^' ^ ^ 
fit in shaft and smonth operation. Insp-rt ran, 
follower tips of bearing assemblies and ram u f-r 
rracks anJsi Slls of war. R.^ 1 ' 1 Parts a, r..,m..-.. 
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(4) Inspect bearings (7) for pitting and 
binding. Check operation by rotating bearing by 
band. Replace a bearing that does not operate 
smoothly or is pitted. 

(5) Inspect housing and covers for cracks or 
damaged threads. Replace parts as required. 

d. Assembly. Assemble the steering gear box in 
the reverse order of disassembly. 

e. Installation. 

( \ ) Install the steering gear box 'm the reverse 
order of removal. 

121 Install control valve on steering arm ball 
stud. 

/. Adjustment. 

(1) Loosen locknut (1) and turn setscrew (2) 
in until a noticeable drag is produced on the 
steering wheel. 

(2} Back off the-setscrew, V6 turn and secure 
in place with locknut. 

NOTE 

After considerable vehicle usage, readjustment 

may be necessary to compensate for wear of cam 

and follower as may be detected by play in the 

steering wheel. 



KEY to figure 

1. Locknut 

2. Setacrew 

3. Cover 

4. Gasket 



H. 

9. 

10. 

IS. 
12. 
13. 



Sea! <2I 

Bearing (21 

Cam 

Capscrew (41 

Cover assembly 

Shim 

Plug, vented 

Bushing 

14. SeaJ 

15. Steering arm 

16. Nut 
Lockwasher 



1 7. 
18. 
19. 

20. 
21. 
22. 
23. 



Capscrew 

Capscrew (4) 

Plug 12} 

Expansion plug 

Shaft 

Bearing assembly 
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Figure 5-29. Steering gear box, exploded view. 



4 



5-36. Speed Sensing Switch and Trans- 
mitter 

a. General. The speed sensing switch is & two 
station, solid state switch, activated by a trans- 
mitter mounted on the transfer assembly. The 
switch acts as a safety device, by opening and 
closing different circuits at preset speed ranges and 
inhibits use of rear steer control and downshift at 
other than selected speeds. 



b. Test. 

(1) Test operate with transfer in high-range 

and transmission in F2. 

(a) Downshift inhibitor actuates at 8 null's- 

per hour. r--> 

rfcjPull transmission shift lever off r_ 
position ; warning light should illuminate. 

(2) Test operate with transfer in low-rangr 
and transmission in F2. 
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(a) Downshift inhibitor actuates at 4 miles 
per hour. 

(b) Pull transmission shift lever off F2 
position; warning light should illuminate. 

(3) If switch is inoperative check: 

(a) Wiring for breaks, shorts and con- 
tinuity. 

(b) Remove the transmitter and drive tank 
(fig. 5-30). 

(c) Install ohmmeter test leads to trans- 
mitter contacts and rotate drive tang. Ohmmeter 
should show two deflections (infinite resistance: 
approximately 10 ohms resistance) for each 
revolution. 

(d) If wiring and transmitter are free of 
defects, replace speed sensing switch (fig. 5-30). 



c. Removal. Refer to figure 5-30 and remove 
speed sensing switch and transmitter. 

d. Cleaning and Inspection. 

(1) Clear the exterior of all parts with a cloth 
dampened in an approved cleaning solvent, and dry 
thoroughly. 

(2) Inspect electrical cable for cracked or 
broken insulation, kinks, or binding. Replace if 
defective. 

(3) Inspect switch and transmitter for breaks 
and loose mounting. 

e. Installation. Refer to figure 5-30 and install 
the speed sensing switch and transmitter. 
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Figure 5-30. Speed sensing switch and transmitter. 
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CHAPTER 6 
REPAIR OF CARRIER FRAME AND COMPONENTS 

Section I. CARRIER COMPONENTS 



64. General 

The carrier components listed in this chapter are 

considered to be part of the carrier frame. However, 
the seat, cab heater, panel wiring hood, fuel tanks, 
hydraulic reservoir, and fenders are not actually a 
physical part of the frame. They are mounted to the 
frame, or to brackets, or other supports which 
mount to the frame. 

6-2. Seat Assembly 

a. Removal. Remove the seat assembly (refer to 
TM 5-3810-290-12). 

6. Disassembly. 

(1) Remove back cushion assembly (3, fig. 6- 
1| by removing screws (5). 

(2) Remove back frame assembly (9) by 
removing two nuts 14), pivot pins (6 and 7), and 
spring (8). Remove spring 110) and disengage 
handle (11) from ratchet. 

(3) Disconnect hose assembly (18), remove 
elbows (14) and air valve assembly (15). 

(4) Remove four capscrews (43) and lift off 
assembled seat frame and cushion. 

(5) Remove four screws (48), lockwashers 
(49) and seat cushion from frame (12). 

(6) Remove handle (45) by removing four 
screws (46) and lockwashers (47). 

(7) Remove two capscrews (38) and nuts (37) 



that attach shock absorber (42). Remove sleeve 
(41) and bushings (40). 

(8) Remove palnut (31) and nut (4) from 
bottom of air spring (25). Remove capscrew {19) 
and lockwasher (20) from top of air spring and 
remove the air spring and washer (24). 

(9) Remove pins (39) and shahs (36 and 44) 
separating seat support assembly (16), upper arm 
assembly (21), lower arm assembly (26), and lower 
frame assembly (29). 

UO) Remove four capscrews (27), washe 
(28) and track assemblies (32 and 34). 

c. Cleaning, Inspection, and Repair. 

(1) Clean cushions with a damp cloth and dry. 
Inspect cushions for cracks both in cushion 
covering and in stiff backing. Replace as required. 

(2) Inspect air spring (25) for cracks or 
hardness. Replace as required. 

(3) Inspect shock absorber. Replace as 
required. 

(4) Inspect all other parts for wear, cracks, or 
damage, replace as required. 

d. Assembly. Assemble the seat assembly in 
reverse order of disassembly. 

e. Installation. Refer to TM 5-3810-290-12 and 
install the seat assembly. 
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Figure 6-1. Seat assembly, exploded view. 
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KEY to figure 6-1. 

1. Bracket. R.H. 

2. Seat 

3. Back cushion assembly 

4. Nut 1101 
.">. Screw 

(>, Pivot pin, R.H. 

7. Pivot pin. L.H. 

II. Spring 

( ). Back frame assembly 

10. Spring 

11. Back control handle 
!2. Lower frame assembly 

13. Handle tip 121 

14. Elbow 12! 

15. Air valve assembly 

Ih. Seat support assembly 
IT. Rubber bumper 121 
18, Hose assembly 
I 1 ). Capscrew 
',10. Lockwasher 

21. Upper arm assembly 

22. Bushing 18! 
Thrust washer '<8S 
Washer 

25. Air spring 

2(>. Lower arm as&embly 

27. Capscrew 

2. Washer (8) 

2 ( ). Lower frame assembly 

30. Clip 

31. Palnnl 

32. L.H. track assembly 

33. Nut <4I 

34. R.H. track assembly 

35. Grommet 

36. Front bearing shall (2) 

37. Nut 12) 

38. Capscrew (2) 

39. Roll pin (4) 

40. Bushing (4) 

41. Sleeve (2 1 

42. Shock absorber 

43. Capscrew (4} 

44. Rear bearing shaft (2) 

45. Handle 

46. Screw (8) 

47. Lockwasher 

48. Screw (41 

49. Lockwasher (4) 

50. Wear plate 



6-3. Cab Healer 

a. General.The hot water cab heater is mounted 
on the bulkhead in the front of and to the left of the 
operator. A vertically-mounted, integral fan unit 
provides the air flow for heating and windshield 
defrosting. Two connections to the engine cooling 
system are required, with an adjustable ther- 
mostatic element controlling the water tem- 
perature. An instrument panel-mounted switch 
controls the operation of the heater fan. 

b. Removal. Remove the cab heater (refer to TM 
5-3810-290-121. 

c. Disassembly. 

( 1 ) Remove the four screws 17. fig. 6-2) on the 
sides of the front panel (6) and drop the panel 
down. 

(2} Slide core (4) from heater shell ID. 

(3) Slide bottom plate (5) from heater shell. 

(41 Remove nuts (2), lockwashers (3) and 
assembled motor (8) and fart (12). 

(5) Further disassembly of motor and fan is 
not necessary unless replacement is required. 

d. Cleaning, Inspection and Repair. 

( 1 ) Clean all parts of the heater assembly with 
a cloth moistened with en approved cleaning 
solvent. Dry thoroughly. 

(2) Clean the heater core with compressed air. 
i3) Inspect the motor assembly for worn 

bushings or excessive end play. Replace as 
required. Inspect the fan for cracked blades. 

<4) Check the heater core by applying 10-12 
pounds per square inch air pressure to the core 
while immersing in water. If core is defective, 

replace. 

e. Assembly. Assemble the heater in the reverse 

order of disassembly. 

/. Instillation. Refer to TM 5-3810-290-12 and 
install the heater. 
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1. Shell 

2. Nut (2) 

3. Lockwasher (2) 

4. Core 

5. Bottom plate 

6. Cover 

7. Screw (4> 



8. Motor 

9. Lockwasher 

1 0. Screw 

11. Lead 

12. Fan 

13. Setscrew 

14. Flat washer 



Figure 6-2. Cab heater assembly, exploded view. 



f>-4. Pane! Wiring 

&. General. Replacement of electrical wiring is 
required when a defective condition has been noted. 
The following instructions for removal and in- 
stallation will serve as a general outline for panel 
wiring. 

b. Removal. 

(1) Remove cab assembly (refer to TM 5- 
3810-290-121. 

12) Refer to wiring diagram in TM 5-3810- 
290-12. 

(3) Remove rear instrument panel cover. 

(4) Record wire numbers of leads connected to 
gage and disconnect the leads. 

(5) Remove wire assemblies by recording wire 
numbers and their terminal points. 

c. Installation. 

(1 ) Install electrical wiring in reverse order of 
removal. Secure wire assemblies to chassis suf- 
fidontly to prevent chaffing of insulation from 
vibration. 

(2) Refer to TM 5-3810-290-12 and install 
cab assembly. 

(>-5. Cab and Cab Base 
a. Removal. 

(1) Remove the cab assembly (refer to TM 5- 
3810-290-12). 

(2) Remove scat assembly (refer to TM 5- 
3810-290-12). 

(3) Disconnect and remove panel mounted 
controls and instruments as necessary to remove 
instrument panels from cab base (20, fig. 6-3). 
Refer to TM 5-3810-290-12 for specific in- 
structions on each control or instrument. 

(4) Remove cab heater (refer to TM 5-3810- 
290-12). 

(51 Remove spring (30), cotter pin (29), 
washer (28), and lever (27) from each side of cab 
base. 

(6) Remove four drive screws (14) from each 
door assembly (26) and remove door assembly 
from cab base. 

(6) Remove four drive screws (14) from each 
door assembly from cab base. 

(7) Remove nine drive screws (25) and a 
ventilator fram (24) from each opening in cab 
base front. 

(8) Remove the defroster nozzle (34) by 
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removing two screws (37). lockwashers I36i. and 
nuts (35). 

19) Remove four capscrews 1 181. lockwasher* 
(21), and nuts (22) that secure the cab ba<e 1^3 I !, 
frame. Lift cab base from frame. 
b. Disassembly. 

(1) Remove dome light (refer to TM .5-3810- 
290-12). 

(2) Remove windshield wiper motor i refer in 
TM 5-3810-290-12) . 

(3) Remove capscrews (II. nuts i.5i. iork- 
washers (4). plate (3), and lifting hook O from 
each side of cab (6). 

(4) Remove two screws 113) and dor handle 
from outside of door (16). 

(t) Remove six screws 113) and lock a^e'-ib'v 
(14). 

(6) Remove six flat head screws that ^ctir-; 
door hinges to cab and remove door assembly 1 1 7 ' 

(7) Remove two screws (12) and clips ill 

(8) Remove screws (7) and window frame '8 
Remove glass panels (9) and lifts HO!. 

(9) Glass panels mounted in rubber retaining 
strips may be removed if required by the following 
procedure. 

(a) Locate the butted ends of the rubber 
retaining strips and use an awl to pry out the end of 
the small insert strip from inside of molding. 

(b)Pu\\ insert strip by hand until its entire 
length is free from the molding. 

(c) With the help of a second person to 
support glass on the inside, apply pressure on 
outside of glass until free from molding. 

c. Cleaning, Inspection and Repair. 

(1) Clean metal parts with a cloth dampened 
with cleaning solvent and dry thoroughly. 

(2) Inspect metal parts for broken welds, 
cracks, dents, and worn or rusted spots. Repair 
broken welds, cracks, and dents where possible. 
Sand worn and rusted spots and repaint. Replace 
parts that are badly damaged. 

(3) Inspect defroster hose (331 for cracked or 
frayed condition. Replace as required. 

d. Assembly. Assemble the cab assembly in 
reverse order of disassembly. 

e. Installation. Refer to TM 5-3810-290-12 and 
install the cab base and cab assembly. 
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Figure 6-3. Cab and cab base, exploded view. 
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KEY to figure 6-3. 
1 . Capscrew 
2. Hook 
Plate 

Lockwasher 
Nut 

Cab assembly 
Screw 
Frame 
Glass (21 
Lift 
Clip 
Screw 

13. Capscrew 

14. Screw 181 

1 5. Lock assembly 
1 t>. Door hasidle 
IT. Door assembly 

18. Capscrew 

19. Lock washer 
Nut 

Lockwasher 
Nut 

Cab base 

24. Ventilator frame (2) 

25. Screw 

26. Door assembly (2) 

27. Lever 

28. Washer 

29. Cotter pin 

30. Spring 

31. Elbow 

32. Clamp (2) 

33. Hose 

34. Nozzle 

35. Nut 

36. Lockwasher 

37. Screw 



f>-6. Hood 

a. Removal &nd Disassembly. Refer to TM 5- 
3810-290-12 and remove and disassemble the 
Hood. 

b. Repair. 

(1) Replace a defective part. 

(2) Clean rusted areas, aod repaint. 

(3) Replace webbing if excessively frayed or 
worn. 

c. Assembly and Installation. Refer to TM 5- 
3810-290-12 and assemble and install the hood. 
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6-7. Fuel Tanks 

a. Removal. 

i 1 ) Remove service air reservoirs (refer to TM 
5-3810-290-121. 

(2) Remove fuel tanks (refer to TM 5-3810- 
290-12). 

b. Disassembly. 

11) Remove anti-squeak tape (8, fig. 6-4) 
from left side fuel tank (10). 

^ (2) Remove cap (12), gasket (13). retaining 
chain < 15), and fuel strainer (14) from leftside fuel 
tank. 

13) Remove feed line tube (18) with plug (9), 
from left side fuel tank, and separate plug from 
tube. 

(4) Remove screw (16), cover plate (19), and 
gasket (17) from left side fuel tank. 

(5) Remove screw (16), sending unit 120). 
and gasket (17), from right side fuel tank. 

( 6 ) Remove feed line tube < 18 ) from right sid 
fuel tank. 

(7) Remove cap (12), gasket (13), retaining 
chain (15), and fuel strainer (14) from right side 
fuel tank. 

c. Cleaning, Inspection, and Repair. 

(1) Refer to TB ORD 1031 (Purging and 
Cleaning Fuel Tanks) and clean the fuel tanks. 
Remove all sludge and deposits from tanks. 

(2) Inspect filler cap, cap, gasket, strainer and 
fuel level sending unit for damage. Replace a 
defective part. 

(3) Inspect the tank for cracks, holes, broken 
welds, and worn or rusted spots. 

fa) Weld any broken welds, holes, or cracks 
in tank. 

(b) Sand worn and rusted spots, and 
repaint. 

d. Assembly. Assemble the fuel tanks in reverse 
order of disassembly. 

e. Installation. 

(1) Refer to TM 5-3810-290-12 and install 
the fuel tanks. 

(2) Refer to TM 5-3810-290-12 and install 
the service air reservoirs. 
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Figure 6-4. Fuel tanks, exploded view. 
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KEY to figure 6-4. 

1. Nut (8) 

2. Lockwasher (8) 

3. Washer, flat (8) 

4. Capscrew (8) 

5. Bracket, mounting (4) 

6. Nut (4) 

7. Lockwasher (4) 

8. Anti-squeak tape 

9. Plug, pipe (2) 

10. Fuel tank assembly (2) 

11. Plug, drain (2) 

12. Cap assembly (2) 

13. Gasket (2) 

14. Strainer (2) 

15. Chain, retaining (2) 

16. Screw <10) 

17. Gaaket (2) 

18. Tube (2! 

19. Plate, cover 

20. Transmitter, liquid pressure (sending unit) 

6-8. Hydraulic Reservoir 

a. Removal and Disassembly. Refer to TM 5- 
3 {11 0-290-1 2 and remove and disassemble the 
hydraulic reservoir. 

b. Repair. 

(}} Replace defective parts. 

(2) Weld any breaks or holes in cover or walls 
of reservoir. 

r. Assembly &nd Installation. Refer to TM 5- 
3810-290-12 and assemble and install the 
hydraulic reservoir. 

(1) Use new cover and level gage gaskets. 

(2) Fill reservoir with clean hydraulic oil in 
accordance with lubrication order. 

(3) Operate crane hydraulic system for a lew 
minutes, and check reservoir and connections for 
leaks. 

6-9. Fenders 
a. Left Front Fender. 

(1) Remove mirror assembly (refer to TM 5- 
3810-290-12). 

12) Remove light boxes (refer to TM 5-3810- 
M-12). 

(3) Remove hydraulic reservoir (refer to TM 
K5810-290-12. 

(4) Tag and disconnect hydraulic tubing that 
joes through fender. 

(5) Remove nine carriage bolts (2, fig. 6-5), 
lockwashers (9), and nuts (10). Lift left front 
fonder (3), from brackets. 

(6) Release air pressure in air system and 
iisconnect air line from service coupling mounted 
(n bracket (18). Remove coupling from bracket. 

(7) Remove two capscrews (16), lockwashers 
20), and nuts (19), that secure brace (1), to 



additional sets of hardware, two from right fender 
bracket and two from cab base. 

(8) Remove four capscrews (12). lockwashers 
(13), and nuts (14), to remove brackets (17 and 
18) from main frame. 
6. Right Front Fender. 

(1) Remove mirror assembly (refer to TM 5- 
3810-290-12). 

(2) Remove light boxes (refer to TM 5-3810- 
290-12). 

(3) Remove tool box (refer to TM 5-3810- 
290-12). 

(4) Refer to a above and follow steps (5. 6, 7, 
and 8). 

c. Left Rear Fender. 

(1) Remove side panel (refer to TM 5-3810- 
290-12). 

(2) Remove light boxes (refer to TM 5-3810- 
290-12). 

(3) Remove hydraulic reservoir (refer to TI\ 
5-3810-290-12). 

(4) Remove nine carriage bolts 12, fig. 6-51 
lockwashers (9), and nuts (10). Lift left rear fender 
(5) from brackets. 

(5) Remove two capscrews (15), lockwashers 
(7), and nuts (6), that secure support (4) to bracket 
(11). 

NOTE 

If rear hood panel is still mounted on support 14. 
fig. 6-5), it will be necessary to block the support 
to prevent sagging and possible damage to exhaust 
pipes, etc. 

(6) Remove four capscrews (12), lockwashers 
(13), and nuts (14), that attach brackets (Sand 11) 
to main frame. 

d. Right Rear Fender. 

(1) Remove side panel (refer to TM 5-3810- 
290-12). 

(2) Remove battery box and slave receptacl 
(TM 5-3810-290-12). 

(3) Refer to c above and follow steps (4), (5* 
and (6). 

e. Cleaning, Inspection, and Repair. 

( 1 ) Clean all parts with cleaning solvent an 
dry thoroughly. 

(2) Inspect all parts for cracks or broken 
welds. Weld cracks or broken welds where possible. 
Replace a badly damaged part. 

(3) Remove any rust found and repaint. 
/. Installation. 

(1) Install fenders (a), (b), (c), and (d), in 
reverse order of removal. 

(2> Refer to TM 5-3810-290-12 and install 
mirrors, light boxes, tool box, battery box, slave 
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(3) Connect hydraulic tubing that goes 
through left front fender. 

KEY to figure 6-5. 

L Brace 

2- BoU 

3 - ! ender 

4 - ^PP 
'" Fender 



, 
i. Lockwasher 



( >. Lockwasher 

10 - N " 
11. Bracket 
!2 Scrpw 

13. Lockwasher 
, 4i Nut 

i:>. Screw 
!(,. Screw 
IT. Bracket 

18. Bracket 
|q j^ . 

20 ; Lockwagher 
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6-10. Front and Rear Outriggers (Frames) 
The front and rear outriggers (frames) are welded 
to the front and rear of the carrier frame. They 
support the outrigger arms. They are replaced only 
iff they are extremely damaged. 
&. Removal. 

(1) Remove outrigger arms (refer to TM 5- 
3810-290-12). 

(2) Cut the weld which joins the front and 
rear outriggers to the carrier frame (fig. 2-4 ( 1 ), (2), 
(3H, and remove outriggers. 

b. Disassembly. Refer to figure 2-4 3 and 
disassemble rear outrigger. 

c. Repair. 

(1) Straighten any bends in metal. 

(2) Smooth out dents or rough areas. 

(3) Weld any cracks or breaks in metal. 

(4) Sand rusty areas and repaint. 

d. Assembly. Reverse procedures in b above to 
assemble outriggers. 

e. Installation. 

( I ) Weld outriggers to front and rear frame of 
crane. 

(2) Refer to TM 5-3810-290-12 and install 
outrigger arms. 

6-11. Frame 

a. General. The carrier frame is an open box 
type frame, composed of various types of structural 
steel welded together. There are two main members 
of the carrier frame; the main frame (1, fig. 2- 
4(1)), and the rear axle pivot frame (32). The 
repair of the frame is primarily limited to the 
rework of welds, filling cracks, and the replacement 
of various small brackets and r 'braces that may 
require replacement. The location of a point of 
repair on the frame will dictate the need for 
component removal to provide access to accomplish 
the repair. 

NOTE 

As the carrier frame members are of high strength 
steels, the following welding instructions must be 
followed in respect to each member to insure a 
proper weld. 

6. M&in Frame Repair. 

(1) The main frame is constructed of high 
strength steel, type T-1A. The following steps and 
conditions must be maintained when performing 
any welding operation on the main frame. 

(2) Weld rods to be used are AWS (American 
Welders Society) number El 2018 or equivalent 
coated electrode. Weld rods of 5/32, 3/16, 
7/32 and 5 /v inch diameter are used on the main 
frame. The electrodes should be stored in an oven 
at 300 degrees Fahrenheit. 



(3) Flame cut weld chamfers where required. 

(4) Avoid excessive heat input while welding. 
Base metal, temperature normally 60 to 65 F. If 
moisture is present on metal, preheat to 100 F. to 
dry. An interpass temperature of 200F. is desired, 
with 300 F. maximum. The maximum heat input 
during welding is 300 F. 

c. Pivot Frame Repair. 

( 1 ) The rear axle pivot frame is constructed of 
steel alloy Man-Ten and Ex-Ten 50. 

(2) Weld rods to be used are AWSE7018 or 
equivalent for coaled electrodes and AWSE70T2 
or equivalent for MIG (Metal Inert Gas) wire. 
Electrodes of 5/32, 3/16, 7/32 and 14 inch 
diameter or MIG wire of 0.093 inch diameter are 
used on the pivot frame. The electrodes should be 
stored in an oven at 300 degrees Fahrenheit. 

(3) Flame cut weld chamfers as required. 

(4) A minimum base metal temperature of 
35 F. is required before starting welding. Am- 
bient temperature should be 40 to 45 F. or 
above during welding. Maximum heat input during 
welding is 500 F. 

(51 If MIG process is used, the rate of flow of 
shielding medium should be 40 cubic feet per hour 
40 percent depending on atmospheric con- 
ditions. 

d. Axle Housing Repair. 

( 1 ) The axle housing (both front and rear) are 
made of 1040 steel. 

(2) Weld rods to be used are AWS El 1018 or 
equivalent for coated electrodes and AWS E70T2 
or equivalent for MIG wire. Electrodes of 5/32 
and- 3/16 inch diameter of MIT wire of 0.093 
inch diameter are used on the pivot frame. The 
electrodes should be stored in an oven at 300 F. 

(3) Flame cut weld chamfers as required. 

(4) A minimum base metal temperature of 
60 to 65 F. is required before starting welding. 
Maximum heat input during welding is 300F. An 
interpass temperature of 200 F. is desired, with 
300 F. maximum. 

(5) If MIG process is used : CO 2 must be used 
for a shielding medium; and rate of flow of 
shielding medium of 40 cubic feet per hour =t 40 
percent, depending on atmospheric conditions. 

( 6 ) After welding of axle housings, stress relief 
the housing as follows: 

(a) Heat housing to 110 F. and hold the 
temperature 10 hours. 

(b) Fvirnace cool to 700 U F. to 800 F. and 
remove. 

(c) Magnaflux or dye penetrant all welds 
after stress relieving. 
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CHAPtER 7 

CONJUNCTION WITH MAJOR 




7.1 General 



manufacture, 

operation of the hydraulic 
recovery kit supplied for U8e with the crane Y ' C 

,s used to recover cranes that have lost hydraulfc 

power during craning operations. To .successful y 

BUI H W1 ^^ SUPPlled ' an ther odS 

H446A Hanson crane must be available. 



7-2. Hydraulic Recovery Kit. 



kit 



3, 



plates <B, C, and D 

' 
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PARKER 301 HOSE ) \ 
110 SKIVE // 



2 WIRE BRAID 



tf 



m 






\ 



20130 HOSE FITTING 3/4" HOSE TO 3/4" PIPE, NO SKIVE f ^ 

PTR--S PIPE THREAD ADAPTER 3/4" TO 1" "fH^EET" 



ctzzzzzizi 



1 DD-S PIPE ELBOW (FEMALE BOTH ENDS' 



TITE 
3 QUICK DISCONNECT 1" 



3.300 
2.062" 



HOSE ASSEMBLY WITH QUICK DISCONNECT COUPLINGS 

PLATES: 




0.41" DIA 



1/8 IN. THK 
HRS 



0.52" 
0.48" 



1 



S 

,_; CN 



'1.150'' 



1.000" 
B. HYDRAULIC PUMP PORT PLATE 



3.500 
2.312 



0.600" 
0.400 




1/8 IN. THK 

HRS M 



1.000" 1.000" 
C. HYDRAULIC PUMP PORT PLATE 



1.100" 




D. HYDRAULIC OIL FILTER PORT PLATE 

Figure 7-1. Hydraulic recovery kit. 
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b. Installation. 

( 1 1 Aline the operational crar, e beside the non- 
operational crane and slop the engine. 

(2) Disconnect the hydraulic pressure lines 
from the hydraulic pump of the non-operational 
crane (TM 5-3810-290-12). 

13) Position the fabricated blank port plates 
<B and C, fig. 7-1 ) over the ports of the pump and 
reconnect the pressure lines to the pump (with the 
port plates sandwiched between the pressure lines 
and the pump). 

(4) Disconnect the coupling between lest 
point "C" and the hydraulic filter of the non- 
operational crane. Refer to the Hydraulic system 
schematics diagram in TM 5-3810-290-12 for the 
location of test points. 

(5) Position the fabricated blank port plate 
(D, fig. 7-1) at the disconnected coupling in (4), 
above, and reconnect the coupling (with the port. 
plate sandwiched) belween ihe parls of ihe 
coupling. 

(6) Between the test points of the operational 
and non-operational cranes, connect the three hoses 
from "A" to "A", "B", to "B", and "C' 1 to "C". 

c. Operation. 
(l\ Start the engine of the operational crane. 



CAUTION 

Do not start the engine of the no.,- 
operational crane with the blank port 
plates installed. To do so wiii deMro-, 
the hydraulic pump on the non- 
operational crane. 

(2) To operate a control of the seven-sec IK i. 
valve on the non-operational crane, the operates )! 
ihe operational crane must first position the cluivi 
bucket control in either the OPEN or CLOSED 
position. 

(3) To operate a control of four-section \ah t - 
on the non-operational crane, the operator of ih t - 
operational crane must first position the Loon: 
control in the DOWN position Iboom must he T: 
full DOWN position and the control in the DOWN 
position to provide the required hydraulic- 
res triclion). 

(4) Operate the hydraulic controls of the non- 
operational unit to attain a travel posture. 

(5) Remove the hydraulic recovery kit. 

(6) For towing instructions, if required, refer 
to TM 5-3810-290-12. 
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APPENDIX A 
REFERENCES 



A-l. Fire Protection and 
TB 5-4200-200-10 
TB 5-4200-201-10 

TB 385-101 

A-2. Lubrication 
C9100-IL 
LO 5-3810-290-12 
TB 703-1 

TB 55-6650-300-15 

A -3. Painting 

AR 740-1 
AR 746-5 
TB 740-931 

TM 9-213 

A-4. Cleaning 
C6800-IL 

SB 725-7930-1 
TB SIG-327 

A-5. Maintenance 
FM 29-2 
SB 700-50 
TB ORD-1031 
TB 750-651 

TM 9-6140-200-20 

TM 9-6140-200-15 

TM 38-750 

TM 5-3810-290-12 

TM 5-3810-290-20P 

TM 5-38IO-290-34P 



Safety 



i 



A-6, ShipmefBt and 
SB 38-100 

TM 38-230-1 
TM 740-90-1 

A-7. Demolition 
TM 750-244-3 



Hand Portable Fire Extinguishers Approved for Army Users 

Hand Portable Fire Extinguishers For Rail, Marine, Amphibious, and 

Off-road Equipment 
Safe Use of Cranes, Crane Shovels, Dragline, and Similar Equipment 

Near Electric Power Lines. 

Fuels, Lubricants, Oils, and Waxes 

Crane, Wheel Mounted: 5 Ton, (Hanson Model H446A) 

Specification List of Standard Liquid Fuels, Lubricants, Preservative- 

and Related Products Authorized for use by U.S. Army 
Spectrometric Oil Analysis. 

Color, Marking, and Preparation of Equipment for Shipment 

Color and Marking of Army Materiel, 

Color and Marking of Military Vehicles, Construction Equipment, and 

Material Handling Equipment 
Painting Instructions for Field Use 

Chemical and Chemical Products. 

Hand and Salt-Water Cleaning Compound 

Substitutes for Carbon-Tetrochloride 

Organizational Maintenance Management 

Expendable Limits (up to $25). 

Purging and Cleaning Fuel Tanks 

Use of Anti-Freeze Solutions and Cleaning Compounds in Engine 

Cooling Systems 
Organizational Care, Maintenance, and Repair of Pneumatic Tires and 

Inner Tubes 

Lead-Acid Type Batteries 
The Army Maintenance Management System 
Operator and Organizational Maintenance Manual; Crane; Wheel 

Mounted; 5 Ton, (Hanson Machinery Co., Model H446A) 
Organizational Maintenance Repair Parts and Special Tools Lists: 

Crane, Wheel Mounted; 5 Ton; (Hanson Model H446A). 
Direct Support and General Support Repair Parts and Special Tools 

Lists (Including Depot Maintenance Repair Parts and Special Tools 

Lists) Crane, Wheel Mounted ; 5 Ton ; (Hanson Model H446A) 

Army Preservation, Packing, and Marking Materials, Supplies, and 
Equipment 

Preservation and Packing of Military Equipment 
Administrative Storage of Equipment 

Destruction of Materiel to Prevent Enemy Use 
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A-8. Operation 

TM 5-331B Lifting, Loading, and Handling Equipment. 



A.2 



Paragraph Page 



Accessory Drive Gear. Fuel 
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Administrative Storage ic 

Air Compressor 4_jg 

Air induction system 40 

Air Inlet housing 4_2g 

Air intake piping 4_27 

Alternator /i 1 1 
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Axle assembly q i- 
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Block, cylinder 4-62 

Blower assembly 4-30 

Blower rotor clearances 4_30 

Table 4-2 

Boom extension cylinder 3.4 

Boom hoist cylinder 3.5 

Boom swing gear box 3. 12 

Boom swing motor ;{. | } 

Box pressure test 4-72 



front air 5-27 

controls, genera! 5-20 

Brake, emergency 5-22 

C f 

Cab and cab base ' 6-5 

Cab heater g-3 

Cam followers 4-37 

Camshaft 4.4^ 

Camshaft bearings 4.47 

Camshaft dimensional and wear 

limit data. Table 4-5 4-46 

Carrier Frame, Genera! 6-1 

Compressor, air 4-15 

Connecting rod 4.57 

Connecting rod and crankshaft 
journal dimensional data and 
crankshaft wear limits data 

Table 4-8 4.57 

Control valve group 5.5 

Control valve, crane, 3-18 

Cooling system 4-2 

Crane stabilisers, general 3-21 

Crane superstructure 3-2 

Crane superstructure weld rod 

recommendations Table 3-1 3-3 

Crankcase oil pan 4-41 

Crankcase pressure test 4-71 

Crankcsse ventilation system 4-2 

Crankshaft 4-59 

Crankshaft and bearing dimensions! 

data Table 4-9 4-59 

Crankshaft journal and bearing 

dimensional data Table 4-7 4-57 

Crankshaft main journal and 
bearing dimensional data 
Table 4-11 4-60 



4-92 
1-1 

4-31 
4-5 
4-50 
4-49 
4-16 
5-33 



4-111 

4-52 
4-52 
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3-16 
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4-122 
5-30 
5-46 
5-39 
5-42 
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4-89 

4-87 

6-1 

4-31 
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3-27 

4-5 
3-32 
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3-1 
4-80 

4-121 

4-5 

4-105 
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Crankshaft pulley 4-51 4-92 

Crankshaft timing gear 4-49 4-91 

Cylinder block 4.^2 4-1 1 J 

Cylinder, boom extension 3.4 3.} 

Cylinder, boom hoist 3.5 3.4 

Cylinder compression check 4-68 4-120 

Cylinder, front hydraulic steering 5-31 5.51 

Cylinder head 4.35 4.53 

Cylinder, hydraulic stabilizing 4-17 4-38 

Cylinder liner 4.53 4 , ]04 

Cylinder liner and piston 

assembly dimensional and wear 

limit data, table 4-6 4.55 4.93 

D 

Destruction of Army material 

to prevent enemy use ] .4 j.j 

Differential carrier assembly 5-19 5-36 



Emergency Brake (Parking) and 

Reserve Air Valve assemblies 5-22 5-42 

Engine assembly 2-8 2-18 

Engine data j_y j i 

Engine preparation 4.53 4.^4 

Engine systems 4.2 4,5 

Exhaust manifold 4-25 4-48 

Exhaust valve clearance adjustments 4-65 4-115 



Fan assembly 4.5 4.^ 

'.'..'...'. 6-9 6-9 

4-43 4-83 

Flywheel housing 4,44 4 .g o 

Flywheel housing bolt data, 

table 4 -3 4-44 4-86 

Flywheel housing bolt torque 

data, table 4-4 4.44 4.35 

Foot treadle valve (service 

brake) assembly 5-21 5.39 

Forward and reverse clutch 

shaft groups 5-g 5.17 

Four-section vnlve 3-19 3-27 

Frame repair 6-1 1 6-12 

Front air brake chamber 5-27 5-46 

Front and rear outriggers 6-10 6-12 

Front covers 4-53 4-93 

Front hydraulic steering cylinder 5-31 5-51 

Front steering control valve 5-30 5-51 

Front trunnion mount 4-52 4-92 

Fuel flow test 4.59 4-121 

Fuel injector 4.40 4.74 

Fuel injector timing 4-66 4-116 

Fuel lines 4-22 4-44 

Fuel pump 4.23 4-45 

Fuel pump-accessory drive gear 4-50 4-92 

Fuel system 4.2 4.5 

Fuel tanks 6-7 6-7 

Ful! pressure test 4-70 4-121 
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Gear train 4-45 4-87 

Gear, accessory drive 4-50 4-92 

Gear box. reduction 3-17 3-25 

Gear, crankshaft timing 4-49 4-91 

Gear, idler 4-48 4-91 

Governor adjustment, variable 

speed mechanical and 

injector rach controls 4-67 4-1 16 

H 
Hoist drive components. 

general 3-7 3-8 

Hoist drive motor 3-8 3-8 

Hoist gear box and drum 

assembly 3-9 3-10 

Hood ..." 6-6 6-7 

Hydraulic pump, crane 3-16 3-22 

Hydraulic recovery kit 7-2 7-1 

Hydraulic reservoir 6-8 6-9 

Hydraulic stabilizing cylinder 3-22 3-32 

Hydraulic Steering pump 4-17 4-38 

Hydraulic supply system, crane, 

general 3-15 3-22 

I 

Identification and Instruction 

plates 1-7 1-1 

Idler gear 4-48 4-91 

Injector controls 4-39 4-73 

Injector rach control and 

variable speed mechanical governor 

adjustment 4-67 4-116 

K 
Kit, hydraulic recovery 7-2 7-1 



Long run-in schedule Table 4-12 4-74 4-123 

Lubrication system 4-2 4-5 

M 

Main bearings 4-60 4-109 

Main boom assembly 3-6 3-6 

Main housing assembly 5-2 5-1 

Material used in conjunction 

with major item 7-1 7-1 

O 

Oil cooler 4-21 4-42 

Oil inlet tube and screen 4-42 4-81 

Oil pan, crankcase 4-41 4-80 

Oil pressure regulator valves 4-55 4-96 

Oil pump 4-54 4-95 

Oil pump group 5-4 5-9 

Output shaft group 5-9 5-18 

Outrigger arm 3-23 3-33 

Outrigger arm cylinder 3-24 3-33 

Outriggers, front and rear 6-10 6-12 



Panel wiring 6-4 6-5 

Pistons 4-56 4-98 



Plates, identification : 1-7 1-1 

Power cluster 2-6 2-15 

Pump, crane hydraulic 3-16 3-22 

Push rods . . . .' 4-37 4-69 

R 

Rack arms, push rods 

and cam followers 4-4 4-9 

Radiator assembly 5-6 5-13 

Range selector valve group 5-28 5-49 

Rear air brake chamber 6-10 6-12 

Rear land front) outriggers 4-61 4-111 

Rear end plate 5-32 5-55 

Rear hydraulic steering cylinder 5-33 5-56 

Rear steer control valve 5-34 5-58 

Rear steer lock air chamber 3-17 3-25 

Reduction gear box APP A A-l 

References 4-1 4-1 

Repair end Replacement standards 

Table 4-1 2-2 2-4 

Repair parts 4-37 4-69 

Rocker arm covers 4-34 4-63 

Rod, connecting 4-57 4-102 

Rotary seal assembly 3-13 3-18 

Run-in procedures 4-73 4-123 

Run-in schedule 4-74 4-123 



Seat assembly 6-1 .. 6-2 

Seven-section valve 3-20 3-30 

Short run-in schedule Table 4-13 4-74 4-123 

Solenoid control vaive assembly 5-3 5-6 

Special nut, boit and stud 

torque data Table 1-1 1-7 1-1 

Special tools and Equipment 2-1 2-1 

Speed sensing switch and 

transmitter 5-36 5-61 

Starting motor 4-13 4-21 

Steering control valve, front 5-30 5-51 

Steering gear box 5-35 5-59 

Storage, administrative 1-5 1-1 

Superstructure, crane 3-2 3-1 



Tabulated data 1-7 1-1 

Tachometer drive assembly 4-19 4-40 

Test and adjustments, engine 4-64 4-115 

Thrust washer dimensional data 

and wear limits Table 4-10 4-59 4-105 

Timing gear 4-49 4-91 

Torque converter group 5-7 5-14 

Traction lockout and rear 

steer lock valve assembly 5-25 5-46 

Tractionlock system 5-12 5-25 

Trailer brake (parking) valve 

assembly 5-24 5-46 

Trailer braking control valve 5-23 5-44 

Transfer case 2-5 2-9 

Transfer case assembly 5-11 5-21 

Transmission 5-1 5-1 

Transmission assembly 2-7 2-15 

Troubleshooting Table 2-2 2-4 2-4 

Trunnion mount, front 4-52 4-92 
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Upper turret assembly 



Valve, crane control 
Valve, four-section 
Valve, front steerin 
Valve, front treadle 
Valve group, control 
Valve, oil press 
Valve, solenoid control 
Valve, steering control, 
Valves and valve springs 
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Variable speed governor 

Vanable speed mechanical governor 
and injector rack control adjustment 

Water pump 

Water pump idler pulley 

assembly 

Welding instructions, crane 

superstructure 

Wheel hub and planetary 'drive 
wiring diagram 
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